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ABSTRACT 

Researchers from Lamont-Doherty Earth Observatory (L-DEO) of Columbia University, Woods 

Hole Oceanographic Institution (WHOI), and the University of Texas at Austin Institute of Geophysics 

(UTIG), with funding from the U.S. National Science Foundation (NSF), and in collaboration with 

researchers from Dalhousie University and Simon Fraser University (SFU), propose to conduct high-energy 

seismic surveys from the Research Vessel (R/V) Marcus G. Langseth (Langseth) in combination with 

Ocean Bottom Seismometers and Nodes at the Cascadia Subduction Zone in the Northeast Pacific Ocean 

during late spring/summer 2020.  The NSF-owned Langseth is operated by L-DEO under an existing 

Cooperative Agreement.  The proposed two-dimensional (2-D) seismic surveys would occur within 

Exclusive Economic Zones (EEZ) of Canada and the U.S., including U.S. state waters and Canadian 

Territorial Waters.  The surveys would use a 36-airgun towed array with a total discharge volume of 

~6600 in3 and would occur in water depths ranging from 60ï4400 m.   

NSF, as the research funding and action agency, has a mission to ñpromote the progress of science; 

to advance the national health, prosperity, and welfare; to secure the national defenseéò.  The proposed 

seismic surveys would collect data in support of two research proposals that have been reviewed under the 

NSF merit review process and identified as an NSF program priority.  They would serve to investigate the 

Cascadia Subduction Zone and provide data necessary to illuminate the depth, geometry, and physical 

properties of the seismogenic portion and updip extent of the megathrust zone between the subducting Juan 

de Fuca plate and the overlying accretionary wedge/North American plate providing essential constraints 

for earthquake and tsunami hazard assessment in this heavily populated region of the Pacific Northwest.  

The portion of the megathrust targeted for this survey is the source region for great earthquakes that 

occurred at Cascadia in pre-historical times, comparable in size to the Tohoku M9 earthquake in 2011; an 

earthquake of similar size is possible at Cascadia within the next century. 

This Draft Environmental Assessment/Analysis (EA) addresses NSFôs requirements under the 

National Environmental Policy Act (NEPA) for the proposed NSF federal action within the U.S. EEZ and 

Executive Order 12114, ñEnvironmental Effects Abroad of Major Federal Actionsò, for the proposed NSF 

federal action within the Canadian EEZ.  Due to their involvement with the Proposed Action, the U.S. 

Geological Survey (USGS) has agreed to be a Cooperating Agency.  As operator of R/V Langseth, L-DEO, 

on behalf of itself, NSF, WHOI, and UTIG, will request an Incidental Harassment Authorization (IHA) 

from the U.S. National Marine Fisheries Service (NMFS) to authorize the incidental (i.e., not intentional) 

harassment of small numbers of marine mammals should this occur during the seismic surveys.  The 

analysis in this document supports the IHA application process and provides additional information on 

marine species that are not addressed by the IHA application, including sea turtles, seabirds, fish, and inver-

tebrates that are listed under the U.S. Endangered Species Act (ESA), including candidate species.  As 

analysis on endangered and threatened species was included, this document will also be used to support 

ESA Section 7 consultations with NMFS and the U.S. Fish and Wildlife Service (USFWS).  Alternatives 

addressed in this EA consist of the Proposed Action with issuance of an associated IHA and the No Action 

alternative, with no IHA and no seismic surveys.  This document tiers to the Programmatic Environmental 

Impact Statement/Overseas Environmental Impact Statement for Marine Seismic Research Funded by the 

National Science Foundation or Conducted by the U.S. Geological Survey (June 2011) and Record of 

Decision (June 2012), referred to herein as PEIS.  This document also tiers to the Environmental 

Assessment of Marine Geophysical Surveys by the R/V Marcus G. Langseth in the Northeastern Pacific 

Ocean, JuneïJuly 2012 and issued Finding of No Significant Impact for similar seismic surveys conducted 

in 2012 in, or near, the proposed survey area. 
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Numerous species of marine mammals inhabit the proposed project area in the northeastern Pacific 

Ocean.  Under the U.S. ESA, several of these species are listed as endangered, including the North Pacific 

right, humpback (Central America Distinct Population Segment or DPS), sei, fin, blue, sperm, and Southern 

Resident DPS of killer whales.  It is unlikely that a gray whale from the endangered Western North Pacific 

DPS would occur in the project area at the time of the surveys.  In addition, the threatened Mexico DPS of 

the humpback whale and the threatened Guadalupe fur seal could occur in the proposed project area.  The 

North Pacific right whale, the Pacific populations of sei and blue whales, and Southern Resident killer 

whales are also listed as endangered under Canadaôs Species at Risk Act (SARA); the Pacific population of 

fin whale, and all other populations of killer whales in the Pacific Ocean are listed as threatened.  The 

northern sea otter is the one marine mammal species mentioned in this document that, in the U.S., is 

managed by the USFWS; all others are managed by NMFS.   

ESA-listed sea turtle species that could occur in the project area include the endangered leatherback 

turtle and threatened East Pacific DPS of the green turtle; the Pacific population of leatherback turtle is 

also listed as endangered under SARA, but the green turtle is not listed.  ESA-listed seabirds that could be 

encountered in the area include the endangered short-tailed albatross (also endangered under SARA) and 

Hawaiian petrel, and the threatened marbled murrelet (also threatened under SARA); the Hawaiian petrel 

is not listed under SARA.  In addition, the tufted puffin could also occur in the project area; it is currently 

under review by the USFWS for listing under the ESA and has no status under SARA.   

In addition, several ESA-listed fish species occur in the area, including the endangered Puget 

Sound/Georgia Basin DPS of bocaccio; the threatened Pacific eulachon (Southern DPS), green sturgeon 

(Southern DPS), yelloweye rockfish, and several DPSs of steelhead trout; and various endangered and 

threatened evolutionary significant units (ESUs) of chinook, chum, coho, and sockeye salmon.  None of 

these species are listed under SARA, but the basking shark and northern abalone are listed as endangered.   

Potential impacts of the proposed seismic surveys on the environment would be primarily a result of 

the operation of the airgun array.  A multibeam echosounder and sub-bottom profiler would also be operated 

during the surveys.  Impacts from the Proposed Action would be associated with increased underwater 

anthropogenic sounds, which could result in avoidance behavior by marine mammals, sea turtles, seabirds, 

and fish, and other forms of disturbance.  An integral part of the planned surveys is a monitoring and 

mitigation program designed to minimize potential impacts of the proposed activities on marine animals 

present during the proposed surveys, and to document, as much as possible, the nature and extent of any 

effects.  Injurious impacts to marine mammals, sea turtles, and seabirds have not been proven to occur near 

airgun arrays or the other types of sound sources to be used.  However, a precautionary approach would 

still be taken; the planned monitoring and mitigation measures would reduce the possibility of any effects. 

Protection measures designed to mitigate the potential environmental impacts to marine mammals, 

sea turtles, and seabirds would include the following: ramp ups; typically two (but a minimum of one) 

dedicated observers maintaining a visual watch during all daytime airgun operations; two observers before 

and during ramp ups during the day; no start-ups during poor visibility or at night unless the exclusion zone 

(EZ) and passive acoustic monitoring (PAM) have been monitored for 30 min with no detections; PAM via 

towed hydrophones during both day and night to complement visual monitoring; and power downs (or if 

necessary shut downs) when marine mammals or sea turtles are detected in or about to enter the designated 

EZ.  The acoustic source would also be powered or shut down in the event an ESA-listed seabird would be 

observed diving or foraging within the designated EZ.  Observers would also watch for any impacts the 

acoustic sources may have on fish.  L-DEO and its contractors are committed to applying these measures 

in order to minimize effects on marine mammals, sea turtles, seabirds, and fish, and other potential 
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environmental impacts.  Ultimately, survey operations would be conducted in accordance with all 

applicable international, U.S. federal, and state regulations, including IHA and Incidental Take Statement 

(ITS) requirements. 

With the planned monitoring and mitigation measures, unavoidable impacts to each species of marine 

mammal and sea turtle that could be encountered would be expected to be limited to short-term, localized 

changes in behavior and distribution near the seismic vessel.  At most, effects on marine mammals would 

be anticipated as falling within the Marine Mammal Protection Act (MMPA) definition of ñLevel B 

Harassmentò for those species managed by NMFS.  No long-term or significant effects would be expected 

on individual marine mammals, sea turtles, seabirds, fish, the populations to which they belong, or their 

habitats.  However, NSF is required to request, and NMFS may issue, Level A takes for some marine 

mammal species although Level A takes are very unlikely.  No significant impacts would be expected on 

the populations of those species for which a Level A take is permitted.  
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I   PURPOSE AND NEED 

This Draft Environmental Assessment/Analysis (EA) addresses NSFôs requirements under the 

National Environmental Policy Act (NEPA) and Executive Order 12114, ñEnvironmental Effects Abroad 

of Major Federal Actionsò.  The Draft EA tiers to the Final Programmatic Environmental Impact Statement 

(PEIS)/Overseas Environmental Impact Statement (OEIS) for Marine Seismic Research funded by the 

National Science Foundation or Conducted by the U.S. Geological Survey (NSF and USGS 2011) and 

Record of Decision (NSF 2012), referred to herein as the PEIS.  This document also tiers to the EA of 

Marine Geophysical Surveys by R/V Marcus G. Langseth in the Northeastern Pacific Ocean, 

JuneïJuly 2012 and associated Finding of No Significant Impact (FONSI) for similar seismic surveys 

conducted in 2012 in, or near, the proposed survey area.1  The purpose of this Draft EA is to provide the 

information needed to assess the potential environmental impacts associated with the Proposed Action, 

including the use of an airgun array during the proposed seismic surveys.  Due to their involvement with 

the Proposed Action, the U.S. Geological Survey (USGS) has agreed to be a Cooperating Agency. 

The Draft EA provides details of the Proposed Action at the site-specific level and addresses potential 

impacts of the proposed seismic surveys on marine mammals, sea turtles, seabirds, fish, and invertebrates.  

The Draft EA will also be used in support of other regulatory processes, including an application for an 

Incidental Harassment Authorization (IHA) and Section 7 consultations under the Endangered Species Act 

(ESA) with the National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS).  

The IHA would allow the non-intentional, non-injurious ñtake by harassmentò of small numbers of marine 

mammals2 during the proposed seismic surveys by Columbia Universityôs Lamont-Doherty Earth 

Observatory (L-DEO) in the Northeast Pacific Ocean during late spring/summer (JuneïJuly) 2020.  Per 

NMFS requirement, small numbers of Level A takes will be requested for the remote possibility of 

low-level physiological effects; however, because of the characteristics of the Proposed Action and 

proposed monitoring and mitigation measures, in addition to the general avoidance by marine mammals of 

loud sounds, Level A takes are considered highly unlikely.   

1.1 Mission of NSF 

The National Science Foundation (NSF) was established by Congress with the National Science 

Foundation Act of 1950 (Public Law 810507, as amended) and is the only federal agency dedicated to the 

support of fundamental research and education in all scientific and engineering disciplines.  Further details 

on the mission of NSF are described in § 1.2 of the PEIS. 

1.2 Purpose of and Need for the Proposed Action 

As noted in the PEIS, § 1.3, NSF has a continuing need to fund seismic surveys that enable scientists 

to collect data essential to understanding the complex Earth processes beneath the ocean floor.  The purpose 

of the proposed study is to use two-dimensional (2-D) seismic surveying and Ocean Bottom Seismometers 

(OBS) and Ocean Bottom Nodes (OBN) to investigate the Cascadia Subduction Zone and provide data 

____________________________________ 

 
1 EA and FONSI available on the NSF website (https://www.nsf.gov/geo/oce/envcomp/index.jsp). 

2 To be eligible for an IHA under the MMPA, the proposed ñtakingò (with mitigation measures in place) must not cause serious 

physical injury or death of marine mammals, must have negligible impacts on the species and stocks, must ñtakeò no more than 

small numbers of those species or stocks, and must not have an unmitigable adverse impact on the availability of the species or 

stocks for legitimate subsistence uses. 
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necessary to illuminate the depth, geometry, and physical properties of the seismogenic portion and updip 

extent of the megathrust zone between the subducting Juan de Fuca plate and the overlying accretionary 

wedge/North American plate, providing new constraints on earthquake and tsunami potential in this heavily 

populated region of the Pacific Northwest.  The proposed activities would collect data in support of two 

research proposals that were reviewed through the NSF merit review process and were identified as NSF 

program priorities to meet the agencyôs critical need to foster an understanding of Earth processes. 

1.3 Background of NSF-funded Marine Seismic Research 

The background of NSF-funded marine seismic research is described in § 1.5 of the PEIS. 

1.4 Regulatory Setting 

The regulatory setting of this EA is described in § 1.8 of the PEIS, including the 

¶ Executive Order 12114; 

¶ National Environmental Protection Act (NEPA); 

¶ Marine Mammal Protection Act (MMPA);  

¶ Endangered Species Act (ESA);  

¶ National Historic Preservation Act (NHPA);  

¶ Coastal Zone Management Act (CZMA); and 

¶ Magnuson-Stevens Fishery Conservation and Management Act - Essential Fish Habitat 

(EFH). 

II   ALTERNATIVES INCLUDING PROPOSED ACTION  

In this Draft EA, two alternatives are evaluated: (1) the proposed seismic surveys and associated 

issuance of an associated IHA and (2) No Action alternative.  Additionally, two alternatives were 

considered but were eliminated from further analysis.  A summary of the Proposed Action, the alternative, 

and alternatives eliminated from further analysis is provided at the end of this section. 

2.1 Proposed Action 

The Draft EA includes analysis for two separate proposals received by NSF; however, due to their 

linked and dependent nature, they are considered the Proposed Action and are jointly analyzed herein.  The 

Proposed Action, including project objectives and context, activities, and monitoring/ mitigation measures 

for the proposed seismic surveys and use of OBSs and OBNs, is described in the following subsections. 

2.1.1 Project Objectives and Context 

Researchers from L-DEO, Woods Hole Oceanographic Institution (WHOI), and the University of 

Texas at Austin Institute of Geophysics (UTIG), have proposed to conduct seismic surveys using 

R/V Langseth in the Northeast Pacific Ocean (Fig. 1).  Although not funded through NSF, collaborators 

from the USGS, Drs. M. Nedimovic (Dalhousie University), and A. Calvert (Simon Fraser University; 

SFU) would work with the PIs to achieve the research goals, providing assistance, such as through logistical 

support, and data acquisition and exchange.  
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FIGURE 1.  Location of the proposed seismic surveys in the Northeast Pacific Ocean and conservation areas near the proposed survey location.   
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OBSs and OBNs would leverage the seismic surveys by R/V Langseth.  A complementary land-

based research effort is also under consideration for NSF-funding.  Although the project has independent 

utility and therefore would undergo separate environmental review, the project would capitalize on 

proposed R/V Langseth marine-based activities and would vastly expand the geophysical dataset available 

for analysis for the Cascadia region.  In addition, the proposed deep-penetration survey would complement 

the shallow-imaging study by the USGS that is planned for the region as part of their multi-year hazard 

assessment study.  The collection of seismic data by R/V Langseth would also represent an essential step 

in the development of International Ocean Discovery Program (IODP) activities along the Cascadia margin.  

The IODP project, which is not part of the Proposed Action, has been reviewed in a pre-proposal by the 

IODP Science Evaluation Panel.  To complete the full proposal and subsequently execute its science plan, 

seismic data must be collected to identify drilling targets and to evaluate their suitability from both scientific 

and safety perspectives.  The following information provides an overview of the research project objectives 

associated with the surveys.   

At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath the 

northwestern coast of North America has generated large earthquakes and associated tsunamis in the past.  

Geologic records suggest that some sections of the subduction zone fault or ñmegathrustò, which extends 

~35ï90 mi. seaward from the coasts of northern California all the way to southern British Columbia (B.C.), 

slipped less than other sections during the last earthquake (1700 AD), and that in some prior large 

earthquakes, only parts of the subduction zone ruptured.  The last earthquake is estimated to have been of 

magnitude 9, similar to that of the Tohoku earthquake in Japan in 2011; an earthquake of similar size is 

possible at Cascadia within the next century.  Whether current inferences of along-margin variations in fault 

slip during the last earthquake may persist in future ruptures has important implications for quantifying 

earthquake and tsunami hazards for the population centers of the Pacific Northwest.  Geologic structure 

such as seamounts and other topographic features in the descending Juan de Fuca plate, the structure and 

properties of the thick folded and faulted package of sediments that forms above the subduction zone fault, 

or the properties of megathrust fault rocks, could contribute to these along-margin variations.  While at 

most of the Worldôs subduction zones there is abundant present-day seismicity along the megathrust which 

can be used to constrain first-order properties of the subduction fault including its depth and geometry, the 

Cascadia Subduction Zone is ñeerilyò quiet with little seismicity recorded from much of the megathrust.  

With the paucity of instrumentally-recorded seismicity and the lack of offshore geodetic constraints on the 

distribution of interseismic locking, little is known of the properties of the subduction zone fault interface 

within the mega-thrust earthquake zone and how they vary along and across strike.  The current 

observations allow for a wide range of possible future earthquake scenarios.   

The acquired data would be designed to characterize: 1) the deformation and topography of the 

incoming plate; 2) the depth, topography, and reflectivity of the megathrust; 3) sediment properties and 

amount of sediment subduction; and 4) the structure and evolution of the accretionary wedge, including 

geometry and reflectivity of fault networks, and how these properties vary along strike, spanning the full 

length of the margin and down dip across what may be the full width of the seismogenic zone at Cascadia. 

The data would be processed to pre-stack depth migration using state-of-the art seismic processing 

techniques and would be made openly available to the community, providing a high-quality data set 

illuminating the regional subsurface architecture all along the Cascadia Subduction Zone.  

Aside from localized surveys conducted in 2012 by R/V Langseth using an 8-km streamer, no modern 

multi-channel seismic (MCS) data have been acquired at the Cascadia Subduction Zone.  Data acquired 

prior to these surveys were collected in the 80ôs and 90ôs with much shorter streamers (2.6ï4 km) and 

poorer quality sources and provide poor-to-no image of the earthquake fault interface at Cascadia.  Long 
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streamer (>8 km) MCS data represent major advances over the previous generation of MCS studies in the 

region for two primary reasons.  (1) Data acquired with long-offset streamers support advanced techniques 

for noise and multiple suppression that enable imaging with improved clarity and resolution of the plate 

interface to much greater depths than previously obtained.  (2) They enable construction of high-resolution, 

high-accuracy velocity models, which not only contribute to improved imaging via pre-stack depth 

migration, but can provide constraints on material properties at the megathrust that affect slip behavior.  

The proposed 15-km long streamer would provide significantly improved velocity determination from both 

reflection move-out based analysis and recorded refractions.  The proposed study would also provide the 

first regional-scale characterization of the full length of the Cascadia Subduction Zone, enabling the first 

study of along-strike segmentation in megathrust properties.  It would move the Cascadia megathrust zone 

from arguably one of the least well characterized heavily populated megathrust regions to one of the best. 

Modern long-offset marine seismic reflection imaging techniques provide the best tools available for 

illuminating a subduction zone to the depths of the earthquake source region and below.  They also provide 

constraints on geologic structure and material properties at the subduction fault that contribute to frictional 

state and variations in slip behavior along the fault.  The overall goal of the seismic program proposed by 

L-DEO, UTIG, and WHOI is to acquire a regional grid of modern marine seismic reflection data spanning 

the entire Cascadia Subduction Zone to image how the geologic structure and properties of this subduction 

zone vary both along and across the margin.  To achieve the project goals, the Principal Investigators (PI) 

Drs. S. Carbotte (L-DEO), P. Canales (WHOI), and S. Han (UTIG) propose to utilize 2-D seismic reflection 

capabilities of R/V Langseth and OBSs and OBNs.    

2.1.2 Proposed Activities 

2.1.2.1 Location of the Survey Activities 

The proposed survey would occur within ~42ï51°N, ~124ï130°W.  Representative survey tracklines 

are shown in Figure 1.  As described further in this document, however, some deviation in actual track 

lines, including the order of survey operations, could be necessary for reasons such as science drivers, poor 

data quality, inclement weather, or mechanical issues with the research vessel and/or equipment.  Thus, for 

the surveys, the tracklines could occur anywhere within the coordinates noted above.  The surveys are 

proposed to occur within Exclusive Economic Zones (EEZ) of the U.S. and Canada, as well as in U.S. state 

waters and Canadian Territorial Waters, ranging in depth 60ï4400 m.   

2.1.2.2 Description of Activities 

The procedures to be used for the proposed marine geophysical surveys would be similar to those 

used during previous surveys by L-DEO and would use conventional seismic methodology.  The survey 

would involve one source vessel, R/V Langseth, which would tow a 36-airgun array with a discharge 

volume of ~6600 in3 at a depth of 12 m, and a shot interval of 37.5 m.  The receiving system would consist 

of a 15-km long hydrophone streamer.  OBSs and OBNs would be deployed from a second vessel, 

R/V Oceanus; this OBS program would leverage the seismic surveys by R/V Langseth.   

As the airgun arrays are towed along the survey lines, the hydrophone streamer would transfer the 

data to the on-board processing system; the OBSs and OBNs would receive and store the returning acoustic 

signals internally for later analysis.  A maximum of 6890 km of transect lines would be surveyed in the 

Northeast Pacific Ocean.  Most of the survey (63.2%) would occur in deep water (>1000 m), 26.4% would 

occur in intermediate water (100ï1000 m deep), and 10.4% would take place in shallow water <100 m 

deep.  Approximately 4% of the transect lines (295 km) would be undertaken in Canadian Territorial 

Waters, with most effort in intermediate waters. 
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Long 15-km-offset MCS data would be acquired along numerous 2-D profiles oriented perpendicular 

to the margin and located to provide coverage in areas inferred to be rupture patches during past earthquakes 

and their boundary zones.  The survey would also include several strike lines including one continuous line 

along the continental shelf centered roughly over gravity-inferred fore-arc basins to investigate possible 

segmentation near the down-dip limit of the seismogenic zone.  The margin normal lines would extend 

~50 km seaward of the deformation front to image the region of subduction bend faulting in the incoming 

oceanic plate, and landward of the deformation front to as close to the shoreline as can be safely 

maneuvered.  It is proposed that the southern transects off Oregon are acquired first, followed by the profiles 

off Washington and Vancouver Island, B.C. 

In addition to the operation of the airgun array, a multibeam echosounder (MBES), sub-bottom 

profiler (SBP), and Acoustic Doppler Current Profiler (ADCP) would be operated from R/V Langseth 

continuously during the seismic surveys, but not during transit to and from the survey area.  All planned 

geophysical data acquisition activities would be conducted by L-DEO with on-board assistance by the 

scientists who have proposed the studies.  The vessel would be self-contained, and the crew would live 

aboard the vessel.   

2.1.2.3 Schedule 

The proposed surveys would be expected to last for 40 days, including ~37 days of seismic operations, 

2 days of equipment deployment, and 1 day of transit.  R/V Langseth would likely leave out of and return to 

port in Astoria, OR, during late spring/summer (JuneïJuly) 2020.  As R/V Langseth is a national asset, NSF 

and L-DEO strive to schedule its operations in the most efficient manner possible; schedule efficiencies are 

achieved when regionally occurring research projects are scheduled consecutively and non-operational 

transits are minimized.  Because of the nature of the NSF merit review process and the long timeline associated 

with the ESA Section 7 consultation and IHA processes, not all research projects or vessel logistics are 

identified at the time the consultation documents are submitted to federal regulators; typically, however, these 

types of details, such as port arrival/departure locations, are not a substantive component of the consultations.  

The ensuing analysis (including take estimates) focuses on the time of the survey (late spring/summer); the 

best available species densities for that time of the year have been used.   

2.1.2.4 Vessel Specifications 

R/V Langseth is described in § 2.2.2.1 of the PEIS.  The vessel speed during seismic operations 

would be ~4.2 kt (~7.8 km/h).   

R/V Oceanus would be used to deploy OBSs and OBNs.  R/V Oceanus has a length of 54 m, a beam 

of 10 m, and a draft of 5.3 m.  The ship is powered by one EMD diesel engine, producing 3000 hp, which 

drives the single screw propeller.  The vessel also has a 350 hp bowthruster.  The cruising speed is 20 km/h, 

the endurance is 30 days, and the range is ~13,000 km.   

Other details of R/V Oceanus include the following: 

Owner: National Science Foundation 

Operator: Oregon State University 

Flag: United States of America 

Date Built: 1975 

Gross Tonnage:  261 

Accommodation Capacity: 25 including ~13 scientists 



II.  Alternatives Including Proposed Action 

 

Draft Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2020 Page 7 

2.1.2.5 Airgun Description 

During the surveys, R/V Langseth would tow four strings with 36 airguns (plus 4 spares).  During 

the surveys, all four strings, totaling 36 active airguns with a total discharge volume of 6600 in3, would be 

used.  The airgun array is described in § 2.2.3.1 of the PEIS, and the airgun configuration is illustrated in 

Figure 2-11 of the PEIS.  The array would be towed at a depth of 12 m, and the shot interval would be 

37.5 m.   

2.1.2.6 OBS and OBN Description 

The OBSs would consist of short-period multi-component OBSs from the Ocean Bottom 

Seismometer Instrument Center (OBSIC) and a large-N array of OBNs from a commercial provider to 

record shots along ~11 MCS margin-perpendicular profiles.  OBSs would be deployed at 10-km spacing 

along ~11 profiles from Vancouver Island to Oregon, and OBNs would be deployed at a 500-m spacing 

along a portion of two profiles off Oregon.  Two OBS deployments would occur with a total of 115 

instrumented locations.  One deployment consisting of 60 OBSs to instrument seven profiles off Oregon, 

and a second deployment of 55 OBSs to instrument four profiles off Washington and Vancouver Island.  

The first deployment off Oregon would occur prior to the start of the proposed survey, after which R/V 

Langseth would acquire data in the southern portion of the study area.  R/V Oceanus would start recovering 

the OBSs from deployment 1, and then re-deploy 55 OBSs off Washington and Vancouver Island, so that 

R/V Langseth can acquire data in the northern portion of the survey area.  The OBSs have a height and 

diameter of ~1 m, and an ~80 kg anchor.   

A total of 350 nodes would be deployed: 229 nodes along one transect off northern Oregon, and 

121 nodes along a second transect off central Oregon.  As the OBNs are small, compact, not buoyant, and 

lack an anchor-release mechanism, they cannot be deployed/recovered by free-fall as with the OBSs.  The 

nodes would be deployed and retrieved using a remotely operated vehicle (ROV); the ROV would be 

deployed from R/V Oceanus.  OBNs would be deployed 17 days prior to the start of the R/V Langseth 

cruise.  The ROV would be fitted with a skid with capacity for 31 units, lowered to the seafloor, and towed 

at a speed of 0.6 kt at 5ï10 m above the seafloor between deployment sites.  After the 31 units are deployed, 

the ROV would be retrieved, the skid would be reloaded with another 31 units, and sent back to the seafloor 

for deployment, and so on.  The ROV would recover the nodes 3 days after the completion of the R/V 

Langseth cruise. 

2.1.2.7 Additional Acoustical Data Acquisition Systems 

Along with the airgun operations, two additional acoustical data acquisition systems (an MBES and 

SBP) would be operated from R/V Langseth during the proposed surveys, but not during transits to/from 

the survey site and port.  The ocean floor would be mapped with the Kongsberg EM 122 MBES and a 

Knudsen Chirp 3260 SBP.  These sources are described in § 2.2.3.1 of the PEIS.  To retrieve OBSs, an 

acoustic release transponder (pinger) is used to interrogate the instrument at a frequency of 8ï11 kHz, and 

a response is received at a frequency of 11.5ï13 kHz.  The burn-wire release assembly is then activated, 

and the instrument is released to float to the surface from the anchor which is not retrieved.  However, 

OBSs would not be recovered by R/V Langseth.   

2.1.3 Monitoring and Mitigation Measures 

Standard monitoring and mitigation measures for seismic surveys are described in § 2.4.1.1 and 2.4.2 

of the PEIS and would occur in two phases: pre-cruise planning and operations.  The following sections 

describe the efforts during both stages for the proposed activities.  Numerous papers have been published 

with recommendations on how to reduce anthropogenic sound in the ocean (e.g., Simmonds et al. 2014; 
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Wright 2014; Dolman and Jasny 2015).  Some of those recommendations have been taken into account here. 

2.1.3.1 Planning Phase 

As discussed in § 2.4.1.1 of the PEIS, mitigation of potential impacts from the proposed activities 

begins during the planning phase.  Several factors were considered during the planning phase of the 

proposed activities, including: 

Energy Source.ðPart of the considerations for the proposed marine seismic surveys was to evaluate 

whether the research objectives could be met with a smaller energy source.  However, the scientific 

objectives for the proposed surveys could not be met using a smaller source.  The full R/V Langseth source 

array is needed to reach the deep imaging targets of the megathrust and oceanic Moho under the continental 

margin (up to ~20 km bsl).  This large source is also needed to ensure recording of refracted arrivals at large 

ranges of up to 200 km on the planned OBS array as well as an array of land stations that may be deployed. 

Survey Location and Timing.ðThe PIs worked with NSF to consider potential times to carry out 

the proposed surveys, key factors taken into consideration included environmental conditions (i.e., the 

seasonal presence of marine mammals, sea turtles, and seabirds), weather conditions, equipment, and 

optimal timing for other proposed seismic surveys using R/V Langseth.  Although marine mammals, 

including baleen whales, are expected to occur regularly in the proposed survey area during the spring and 

summer, the peak migration period for gray whales is expected to occur before the start of the surveys.  Late 

spring/summer is the most practical season for the proposed surveys based on operational requirements.   

Mitigation Zones.ðDuring the planning phase, mitigation zones for the proposed marine seismic 

surveys were not derived from the farfield signature but calculated based on modeling by L-DEO for both 

the exclusion zones (EZ) for Level A takes and full mitigation zones (160 dB re 1µParms) for Level B takes.  

The background information and methodology for this are provided in Appendix A.  The proposed surveys 

would acquire data with the 36-airgun array at a maximum tow depth of 12 m.  L-DEO model results are 

used to determine the 160-dBrms radius for the 36-airgun array and 40-in3 airgun at a 12-m tow depth in 

deep water (>1000 m) down to a maximum depth of 2000 m, as animals are generally not anticipated to 

dive below 2000 m (Costa and Williams 1999).  The radii for intermediate water depths (100ï1000 m) are 

derived from the deep-water ones by applying a correction factor of 1.5.  For shallow water (<100 m), radii 

are based on empirically derived measurements in the Gulf of Mexico (GoM) with scaling applied to 

account for differences in tow depth (see Appendix A).  Table 1 shows the distances at which the 160-dB 

re 1µParms sound levels are expected to be received for the 36-airgun array and the single (mitigation) 

airgun.  The 160-dB level is the behavioral disturbance criterion (Level B) that is used by NMFS to estimate 

anticipated takes for marine mammals.  Table 1 also shows the distances at which the 175-dB re 1µParms 

sound level is expected to be received for the 36-airgun array and a single airgun; this level is used by 

NMFS, as well as the U.S. Navy (USN 2017), to determine behavioral disturbance for turtles.   

The thresholds for permanent threshold shift (PTS) onset or Level A Harassment (injury) for marine 

mammals and sea turtles for impulsive sounds use dual metrics of cumulative sound exposure level (SELcum 

over 24 hours) and peak sound pressure levels (SPLflat).  Different thresholds are provided for the various 

hearing groups, including low-frequency (LF) cetaceans (e.g., baleen whales), mid-frequency (MF) 

cetaceans (e.g., most delphinids), high-frequency (HF) cetaceans (e.g., harbor porpoise and Kogia spp.), 

phocids underwater (PW), and otariids underwater (OW) (NMFS 2016a, 2018a), and sea turtles (USN 

2017).  As required by the Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine 

Mammal Hearing (NMFS 2016a, 2018a), the largest distance of the dual criteria (SELcum or Peak SPLflat) 

was used to calculate Level A takes and threshold distances for marine mammals.  Here, SELcum is used 

for turtles and LF cetaceans, and Peak SPL is used for all other marine mammal hearing groups (Table 2).   
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TABLE 1.  Level B.  Predicted distances to which sound levels ²160-dB and ²175-dB re 1 ɛParms could be 
received during the proposed surveys in the Northeast Pacific Ocean.  The 160-dB criterion applies to all 
hearing groups of marine mammals and the 175-dB criterion applies to sea turtles. 

Source and 
Volume 

Tow 
Depth (m) 

Water Depth 
(m) 

Predicted distances  
(in m) to the 160-dB 

Received Sound Level 

Predicted distances  
(in m) to the 175-dB 

Received Sound Level 

Single Bolt airgun, 
40 in3 

12 

>1000 m 4311 771* 

100ï1000 m 6472 1162 

<100 m 1,0413 1703 

4 strings, 
36 airguns, 

6600 in3 

12 

>1000 m 6,7331 1,8641 

100ï1000 m 10,1002 2,7962 

<100 m 25,4943 4,1233 

1 Distance is based on L-DEO model results. 
2 Distance is based on L-DEO model results with a 1.5 × correction factor between deep and intermediate water depths. 
3 Distance is based on empirically derived measurements in the GoM with scaling applied to account for differences in tow depth. 
* An EZ of 100 m would be used as the shut-down distance for sea turtles in all water depths. 

 

TABLE 2.  Level A threshold distances for different marine mammal hearing groups and sea turtles for the 
36-airgun array.  As required by NMFS (2016a, 2018a), the largest distance (in bold) of the dual criteria 
(SELcum or Peak SPLflat) was used to calculate Level A takes and threshold distances.   

 

Level A Threshold Distances (m) for Various Hearing Groups 

Low-

Frequency 

Cetaceans 

Mid-

Frequency 

Cetaceans 

High-

Frequency 

Cetaceans 

Phocid 

Pinnipeds 

Otariid 

Pinnipeds 
Sea Turtles 

PTS SELcum  426.9 0 1.3 13.9 0 20.5 

PTS Peak  38.9 13.6 268.3 43.7 10.6 10.6 

 

This document has been prepared in accordance with the current National Oceanic and Atmospheric 

Administration (NOAA) acoustic practices, and the monitoring and mitigation procedures are based on best 

practices noted by Pierson et al. (1998), Weir and Dolman (2007), Nowacek et al. (2013a), Wright (2014), 

Wright and Cosentino (2015), and Acosta et al. (2017).  For other recent high-energy seismic surveys 

conducted by L-DEO, NMFS required protected species observers (PSOs) to establish and monitor a 500-m 

EZ for shut downs and to monitor an additional 500-m buffer zone beyond the EZ.  A power down required 

the reduction of the full array to a single 40-in3 airgun; a 100-m EZ was established and monitored for 

shutdowns of the single airgun.  Enforcement of mitigation zones via power and shutdowns would be 

implemented as described below. 

2.1.3.2 Operational Phase 

Marine mammals and sea turtles are known to occur in the proposed survey area.  However, the 

number of individual animals expected to be approached closely during the proposed activities are expected 

to be relatively small in relation to regional population sizes.  To minimize the likelihood that potential 

impacts could occur to the species and stocks, monitoring and mitigation measures proposed during the 

operational phase of the proposed activities, which are consistent with the PEIS and past IHA and incidental 

take statement (ITS) requirements, include: 
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1. monitoring by PSOs for marine mammals, sea turtles, and ESA-listed seabirds diving 

near the vessel, and observing for potential impacts of acoustic sources on fish; 

2. passive acoustic monitoring (PAM); 

3. PSO data and documentation; and 

4. mitigation during operations (speed or course alteration; power-down, shut-down, and 

ramp-up procedures; and special mitigation measures for rare species, species 

concentrations, and sensitive habitats). 

Five independently contracted PSOs would be on board the survey vessel with rotating shifts to allow 

two observers to monitor for marine species during daylight hours, and one observer to conduct PAM during 

day- and night-time seismic operations.  The proposed operational mitigation measures are standard for all 

high-energy seismic cruises, per the PEIS, and are described in the IHA application, and therefore are not 

discussed further here.  Special mitigation measures were considered for this cruise.  It is unlikely that 

concentrations of large whales would be encountered within the 160-dB isopleth, but if they were, they 

would be avoided.   

With the proposed monitoring and mitigation provisions, potential effects on most, if not all, 

individuals would be expected to be limited to minor behavioral disturbance.  Those potential effects would 

be expected to have negligible impacts both on individual marine mammals and on the associated species 

and stocks.  Ultimately, survey operations would be conducted in accordance with all applicable U.S. 

federal regulations, including IHA and ITS requirements. 

2.2 Alternative 1: No Action Alternative  

 An alternative to conducting the Proposed Action is the ñNo Actionò alternative, i.e., do not issue 

an IHA and do not conduct the research operations (Table 3).  Under the ñNo Actionò alternative, NSF 

would not support L-DEO to conduct the proposed research operations.  From NMFSô perspective, pursuant 

to its obligation to grant or deny permit applications under the MMPA, the ñNo Actionò alternative entails 

NMFS denying the application for an IHA.  If NMFS were to deny the application, L-DEO would not be 

authorized to incidentally take marine mammals.  If the research was not conducted, the ñNo Actionò 

alternative would result in no disturbance to marine mammals attributable to the Proposed Action.  

Although the No-Action Alternative is not considered a reasonable alternative because it does not meet the 

purpose and need for the Proposed Action, it is included and carried forward for analysis in § 4.3. 

2.3 Alternatives Considered but Eliminated from Further Analysis 

Table 3 provides a summary of the Proposed Action, alternative, and alternatives eliminated from 

further analysis. 

2.3.1 Alternative E1: Alternative Location  

At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath the 

northwestern coast of North America has generated large earthquakes and associated tsunamis in the past 

in this heavily populated region of the Pacific Northwest.  This would be the first seismic imaging 

investigation spanning nearly the entire length of the Cascadia Subduction Zone and would move the 

Cascadia megathrust zone from arguably one of the least well characterized heavily populated megathrust 

regions to one of the best.  The overarching goal of the study is to use modern MCS data to characterize 

subducting plate and accretionary wedge structure, and properties of the megathrust, along the full length 

of the Cascadia Subduction Zone.  This regional characterization would be used to determine whether  

there are any systematic relationships among upper and lower plate properties, paleorupture segmentation,
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TABLE 3.  Summary of Proposed Action, Alternative Considered, and Alternatives Eliminated. 

Proposed Action Description 

Proposed 
Action: Conduct 
marine 
geophysical 
surveys and 
associated 
activities in the 
Northeast 
Pacific Ocean 

Under this action, research activities are proposed to study earth processes and would involve 
2-D seismic surveys.  Active seismic portions would be expected to take ~39 days, plus 1 day for 
transit.  Additional operational days would be expected for equipment deployment, maintenance, 
and retrieval; weather; marine mammal activity; and other contingencies.  The affected 
environment, environmental consequences, and cumulative impacts of the proposed activities 
are described in § III and IV.  The standard monitoring and mitigation measures identified in the 
PEIS would apply, along with any additional requirements identified by regulating agencies in the 
U.S. and Canada.  All necessary permits and authorizations, including an IHA, would be 
requested from regulatory bodies. 

Alternatives Description 

Alternative 1: 
No Action 

Under this Alternative, no proposed activities would be conducted, and seismic data would not 
be collected.  While this alternative would avoid impacts to marine resources, it would not meet 
the purpose and need for the Proposed Action.  Geological data of scientific value and relevance 
increasing our understanding of Cascadia Subduction Zone, adding to the comprehensive 
assessment of geohazards for the Pacific Northwest such as earthquakes and tsunamis, and for 
the development of an earthquake early warning network, would not be collected.  The collection 
of new data, interpretation of these data, and introduction of new results into the greater scientific 
community and applicability of these data to other similar settings would not be achieved.  No 
permits and authorizations, including an IHA, would be needed from regulatory bodies, as the 
Proposed Action would not be conducted. 

Alternatives 
Eliminated from 
Further Analysis 

Description 

Alternative E1: 
Alternative 
Location 

At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath 

the northwestern coast of North America has generated large earthquakes and associated 

tsunamis in the past in this heavily populated region of the Pacific Northwest.  This would be the 

first seismic imaging investigation spanning nearly the entire length of the Cascadia Subduction 

Zone and would move the Cascadia megathrust zone from arguably one of the least well 

characterized heavily populated megathrust regions to one of the best.  The acquired data would 

add to the comprehensive assessment of geohazards for the Northeast Pacific region.  The 

proposed science underwent the NSF merit review process, and the science, including the site 

location, was determined to be meritorious.   

Alternative E2: 
Use of 
Alternative 
Technologies 

Under this alternative, L-DEO would use alternative survey techniques, such as marine vibroseis, 
that could potentially reduce impacts on the marine environment.  Alternative technologies were 
evaluated in the PEIS, § 2.6.  At this time, however, these technologies are still not feasible, 
commercially viable, or appropriate to meet the Purpose and Need. 

 

and along-margin variations in present-day coupling at Cascadia.  The data would also be used to 

characterize down-dip variations along the megathrust that may be linked to transitions in fault properties, 

from the updip region near the deformation front, which is of most interest for tsunamigenesis, to near shore 

where the downdip transition in the locked zone may reside.   

2.3.2 Alternative E2: Use of Alternative Technologies 

As described in § 2.6 of the PEIS, alternative technologies to the use of airguns were investigated to 

conduct high-energy seismic surveys.  At this time, these technologies are still not feasible, commercially 

viable, or appropriate to meet the Purpose and Need.  Additional details about these technologies are given 

in the Final USGS EA (RPS 2014a).   
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III   AFFECTED ENVIRONMENT  

As described in the PEIS, Chapter 3, the description of the affected environment focuses only on 

those resources potentially subject to impacts from the actions being proposed here; other activities (e.g., 

land-based component) will be analyzed under separate review.  The discussion of the affected environment 

(and associated analyses) focuses mainly on those related to marine biological resources, as the proposed 

short-term activity has the potential to impact marine biological resources within the project area.  These 

resources are identified in § III, and the potential impacts to these resources are discussed in § IV.  Initial 

review and analysis of the proposed Project activity determined that the following resource areas did not 

require further analysis in this EA: 

¶ Air Quality/Greenhouse GasesðProject vessel emissions would result from the proposed 

activity; however, these short-term emissions would not result in any exceedance of 

Federal Clean Air standards.  Emissions would be expected to have a negligible impact on 

the air quality within the proposed survey area;  

¶ Land UseðAll activities are proposed to occur in the marine environment.  Thus, no 

changes to current land uses or activities in the proposed survey area would result from the 

Project; 

¶ Safety and Hazardous Materials and ManagementðNo hazardous materials would be 

generated or used during the proposed activities.  All Project-related wastes would be 

disposed of in accordance with international, U.S. state, and federal requirements; 

¶ Geological Resources (Topography, Geology and Soil)ðThe proposed Project would 

result in very minor disturbances to seafloor sediments from OBN and OBS deployments 

during the surveys; small anchors would not be recovered.  The proposed activities would 

not significantly impact geologic resources; 

¶ Water ResourcesðNo discharges to the marine environment that would adversely affect 

marine water quality are expected in the Project area.  Therefore, there would be no impacts 

to water resources resulting from the proposed Project activity; 

¶ Terrestrial Biological ResourcesðAll proposed Project activities would occur in the 

marine environment and would not impact terrestrial biological resources; 

¶ Visual ResourcesðNo visual resources would be expected to be negatively impacted as 

the area of operation is outside of the land and coastal viewshed.  Operations would take 

place at least 8 km from land;     

¶ Socioeconomic and Environmental JusticeðImplementation of the proposed project would 

not affect, beneficially or adversely, socioeconomic resources, environmental justice, or 

the protection of children.  No changes in the population or additional need for housing or 

schools would occur.  Although there are a number of shore-accessible SCUBA diving 

sites along the coasts of Oregon, Washington, and B.C. (see Section 3.9), the proposed 

activities would occur in water depths >60 m, outside the range for recreational SCUBA 

diving.  Human activities in the area around the survey vessel would be limited to fishing 

activities, other vessel traffic, and whale watching.  However, no significant impacts on 

fishing, vessel traffic, or whale watching would be anticipated particularly because of the 

short duration of the proposed activities.  Fishing and potential impacts to fishing are 
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described in further detail in Sections III and IV, respectively.  No other socioeconomic 

impacts would be anticipated as result of the proposed activities. 

3.1 Oceanography 

The proposed survey area is located in the northeastern Pacific Ocean.  The North Pacific Current 

(NPC) is a warm water current that flows west to east between 40ºN and 50ºN.  The NPC forms the northern 

part of the clockwise-flowing subtropical gyre; to the north of it, the subarctic gyre flows counterclockwise 

(Escorza-Treviño 2009).  The convergence zone of the subarctic and central gyres, known as the Subarctic 

Boundary, crosses the western and central North Pacific Ocean at 42ºN (Escorza-Treviño 2009).  It is in 

that area that the change in abundance of cold-water vs. warm-water species is the greatest 

(Escorza-Treviño 2009).  In the eastern Pacific, the NPC splits into the northward flowing Alaska Current 

and the southward flowing California Current (Escorza-Treviño 2009).  The California Current system 

nutrifies offshore waters by mixing with water from the shelf edge (Buchanan et al. 2001). 

The northern portion of the proposed survey area (i.e., Vancouver Island) is located within the Gulf 

of Alaska Large Marine Ecosystem (LME); this LME is classified as a Class II, moderately productive 

(150ï300 gC/m2/y) ecosystem (Aquarone and Adams 2009a).  The southern portion of the proposed survey 

area (Washington and Oregon) is located within the California Current LME.  This LME is considered a 

Class III low productivity ecosystem (<150 gC/m2/y) although seasonal upwelling of cold nutrient-rich 

water in this region generate localized areas of high productivity supporting fisheries (Aquarone and 

Adams 2009b).  Winds blowing toward the equator cause upwelling during MarchïNovember and are 

strongest over the main flow of the California Current which is 200ï400 km offshore (Longhurst 2007).  

Persistent eddies in the summer in some locations, like the Strait of Juan de Fuca, can transport upwelling 

waters up to several hundred kilometers offshore (Longhurst 2007).  Even in winter, cold upwelled water 

ñtonguesò can extend offshore for hundreds of kilometers, increasing nutrient levels offshore 

(Longhurst 2007).  The highest productivity occurs in MayïJune (Longhurst 2007).  Acoustic backscatter 

surveys within the California Current LME showed that fish and zooplankton are associated with shallow 

bathymetry in this region; the highest densities were located in water <4000 m deep (Philbrick et al. 2003).   

Numerous publications have examined the role of climate shifts as a forcing agent on species and 

community structure of the North Pacific Ocean (e.g., Francis and Hare 1994; Klyashtorin 1998; 

McGowan et al. 1998; Hollowed et al. 1998; Hare and Mantua 2000).  Regime shifts that might impact 

productivity in the region include the Pacific Decadal Oscillation (PDO) and the El Niño Southern 

Oscillation.  The PDO is similar to a long-lived El Niño-like pattern of climate variability; it is mainly 

evident in the North Pacific/North American area, whereas El Niños are typical in the tropics 

(Mantua 1999).  PDO ñeventsò persist for 20ï30 years, whereas typical El Niño events persist for 

6ï18 months (Mantua 1999).  In the past century, there have been two PDO cycles: ñcoolò PDO regimes 

during 1890ï1924 and 1947ï1976, and ñwarmò PDO regimes during 1925ï1946 and 1977ïthe mid-1990s 

(Mantua et al. 1997; Minobe 1997).  The latest ñcoolò period appears to have occurred during the mid-1990s 

until 2013 (NOAA 2019a). 

A mass of warm water, referred to as ñthe Blobò, formed in the Gulf of Alaska during autumn 2013 

and grew and spread across the majority of the North Pacific and Bering Sea during spring and summer 

2014, resulting in sea surface temperature anomalies Ó4ÜC across the region (Peterson et al. 2016).  During 

autumn 2014, decreased upwelling winds caused a portion of this warm water to travel eastward towards 

the continental shelf off eastern Alaska and the Pacific Northwest, making the sea surface temperature 

pattern associated with the Blob resemble a ñwarmò or ñpositiveò PDO pattern (Peterson et al. 2016).  

Ongoing effects from ñthe Blobò were further perturbed by a major El Ni¶o arriving from the south and 
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affecting the region during 2015 and 2016, the combination of which reduced the ecosystemôs productivity 

and altered marine community structure for several years (Brodeur et al. 2018).  As of May 2016, sea 

surface temperature anomalies in the outer shelf waters off Oregon remained 2ºC higher, with indications 

the trend would likely continue well into 2017 (Peterson et al. 2016).  Changes in the eastern North Pacific 

Ocean marine ecosystem have been correlated with changes in the PDO.  Warm PDOs showed increased 

coastal productivity in Alaska and decreased productivity off the U.S. west coast, whereas the opposite 

north-south pattern of marine ecosystem productivity was seen during cold PDOs (Mantua 1999). 

During late 2018, sustained unseasonably warm conditions likely caused the formation of a new mass 

of warm water encompassing a large portion of the Pacific Ocean, emulating ñthe Blobò and dubbed the 

ñSon of the Blobò (Britten 2018).  Such warm-water masses are speculated to be linked to climate change 

and have been correlated with warmer weather on land, deceased whales and extreme mortality events of 

other higher-trophic level organisms, occurrences of uncommon marine taxa, widespread toxic algal 

blooms, and poor feeding conditions for many fish species (Britten 2018; Brodeur et al. 2018).  A significant 

shift in prey availability and feeding habits was observed for anchovy, sardine, mackerel, herring, and smelt 

species in the northern California Current Ecosystem (CCE) off the Washington and Oregon coasts 

(Brodeur et al. 2018).  While the effects of ñthe Blobò or the ñSon of the Blobò are not yet fully understood, 

the formation of warm water patches are increasingly common in the Pacific Ocean off the western 

Canadian and American coasts (Britten 2018). 

3.2.1 Protected Areas 

3.2.1 Critical Habitat in the U.S. 

Several habitats near or within the proposed survey area have been specifically identified as important 

to U.S. ESA-listed species, including critical habitat for marine mammals, sea turtles, seabirds, and fish.  

Although there is critical habitat adjacent to the survey area for the threatened Pacific Coast population of 

western snowy plover and the threatened marbled murrelet, this habitat is strictly terrestrial and would not 

be affected by the proposed activities. 

Steller Sea Lion Critical Habitat.ðFederally designated critical habitat for Steller sea lions in 

Oregon and California includes all rookeries (NMFS 1993).  Although the Eastern Distinct Population 

Segment (DPS) was delisted from the ESA in 2013, the designated critical habitat remains valid 

(NOAA 2019b).  The critical habitat in Oregon is located along the coast at Rogue Reef (Pyramid Rock) 

and Orford Reef (Long Brown Rock and Seal Rock; see Fig. 1).  The critical habitat area includes aquatic 

zones that extend 0.9 km seaward and air zones extending 0.9 km above these terrestrial and aquatic zones 

(NMFS 1993).  The Orford Reef and Rogue Reef critical habitats are located 7 km and 9 km from the 

nearest proposed seismic transect line, respectively. 

Southern Resident Killer Whale Critical Habitat.ðCritical habitat for the endangered Eastern 

North Pacific Southern Resident stock of killer whales is defined in detail in the Code of Federal 

Regulations (NMFS 2006).  Critical habitat currently includes three specific marine areas of Puget Sound, 

WA: the Summer Core Area, Puget Sound, and the Strait of Juan de Fuca.  The critical habitat includes all 

waters relative to a contiguous shoreline delimited by the line at a depth of 6.1 m relative to extreme high 

water.  The western boundary of the Strait of Juan de Fuca Area is Cape Flattery, WA (48.38°N; 124.72°W), 

which is ~18 km from the closest seismic transect line (Fig. 1).  In January 2014, NMFS received a petition 

requesting an expansion to the Southern Resident killer whale critical habitat to include Pacific Ocean 

marine waters along the U.S. west coast from Cape Flattery, WA, to Point Reyes, CA, extending ~76 km 

offshore; NMFS released a 12-month finding in February 2015 accepting the validity of a critical habitat 
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expansion (NMFS 2015a).  Although no revisions have yet been made to the critical habitat, NMFS recently 

issued a proposed rule for the expansion of critical habitat to include U.S. coastal waters between the 6.1-m 

and 200-m isobath from the border with Canada south to Point Sur, CA (NMFS 2019a). 

Humpback Whale Proposed Critical Habitat.ðOn 9 October 2019, NMFS issued a proposed rule 

to designate critical habitat in nearshore waters of the North Pacific Ocean for the endangered Central 

America DPS and the threatened Mexico DPS of humpback whale (NMFS 2019b).   Critical habitat for 

the Central America DPS would include ~43,798 n.mi.2 within the CCE off the coasts California, Oregon, 

and Washington.  Critical habitat for the Mexico DPS would include ~175,812 n.mi.2 in Alaska and within 

the CCE off the coasts California, Oregon, and Washington.  Off Washington and northern Oregon, the 

critical habitat would extend from the 50-m isobath out to the 1200-m isobath; off southern Oregon (south 

of 42Á10ô), it would extend out to the 2000-m isobath (NMFS 2019b). 

Leatherback Sea Turtle Critical Habitat.ðIn January 2012, NMFS designated critical habitat for 

the endangered leatherback sea turtle along the west coast of the U.S. (NMFS 2012).  The critical habitat 

includes marine areas of ~64,760 km2 from Cape Flattery, WA, to Cape Blanco, OR, and ~43,798 km2 off 

California (NMFS 2012).  The survey area east of the 2000-m contour is located within critical habitat (see 

Fig. 1).   

Green Sturgeon Critical Habitat.ðCoastal U.S. marine critical habitat for the threatened Southern 

DPS of North American green sturgeon includes waters within ~109 m (60 fathoms) depth from Monterey 

Bay, CA, north to Cape Flattery, WA, to its U.S. boundary, encompassing 29,581 km2 of marine habitat 

(NMFS 2009).  The proposed survey area that is located in water depths less than 109 m occurs within this 

critical habitat (see Fig. 1). 

Rockfish Critical Habitat.ðCritical habitats have been designated for the threatened Puget 

Sound/Georgia Basin DPS of yelloweye rockfish and for the endangered Puget Sound/Georgia Basin DPS 

of bocaccio (NMFS 2014).  However, no critical habitat occurs within the proposed survey area.   

Pacific Eulachon Critical Habitat.ðCritical habitat has been designated for the threatened 

Southern DPS of Pacific eulachon/smelt for Washington and Oregon.  Most of the critical habitat occurs in 

freshwater rivers and creeks, but some does include estuarine waters (NMFS 2011a; NOAA 2019b).  

However, none of the proposed seismic transect lines enter critical habitat.   

Salmonid Critical Habitat.ðCritical habitat has been designated for a number of ESA-listed 

salmonid species or evolutionary significant units (ESU) for Washington and Oregon (see Section 3.7.1, 

Table 6, for list of species).  Most of the critical habitat occurs in freshwater rivers and creeks, but some of 

it includes nearshore marine waters (NOAA 2019b).  However, none of the proposed seismic transect enter 

critical habitat.   

3.2.2 Critical Habitat in Canada  

Several habitats near or within the proposed survey area have been identified as important under 

Canadaôs Species at Risk Act (SARA) to listed species, including critical habitat for three populations of 

marine mammals and northern abalone.  Critical habitat for the threatened marbled murrelet occurs 

adjacent to the study area, but this habitat is strictly terrestrial and would not be affected by the proposed 

activities.  Critical habitat is defined under SARA as the ñhabitat that is necessary for the survival or 

recovery of a listed wildlife species and that is identified as such in the recovery strategy or action plan for 

the speciesò (DFO 2018a).  According to the Canadian Department of Fisheries and Oceans (DFO), critical 
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habitat could include areas used for spawning, rearing young, feeding and migration, depending on the 

species and may not be destroyed (DFO 2018a). 

Southern Resident Killer Whale Critical Habitat.ðCritical habitat has been designated in the 

trans-boundary waters in southern B.C., including the southern Strait of Georgia, Haro Strait, and Strait of 

Juan de Fuca (DFO 2018a).  The continental shelf waters off southwestern Vancouver Island, including 

Swiftsure and La Pérouse Banks have also been designated as critical habitat (DFO 2018a).  The critical 

habitat has features such as prey availability (specifically chinook and chum salmon), suitable acoustic 

environment, water quality, and physical space that provide areas for feeding, foraging, reproduction, 

socializing, and resting (DFO 2018a).  Two of the proposed transect lines intersect the critical habitat on 

Swiftsure and La Pérouse Banks (see Fig. 1). 

Northern Resident Killer Whale Critical Habitat.ðCritical habitat has been designated in Jonstone 

Strait and southeastern Queen Charlotte Strait.  The continental shelf waters off southwestern Vancouver 

Island, including Swiftsure and La Pérouse Banks, have also been designated as critical habitat, as well as 

western Dixon Entrance along the north coast of Graham Island, Haida Gwaii (DFO 2018a).  The critical 

habitat has features such as prey availability (specifically chinook and chum salmon), appropriate acoustic 

environment, water quality, and physical space, and suitable physical habitat that provide areas for feeding, 

foraging, reproduction, socializing, resting, and beach rubbing (DFO 2018a).  Two of the proposed transect 

lines intersect the critical habitat on Swiftsure and La Pérouse Banks (see Fig. 1). 

Humpback Whale Critical Habitat.ðCritical habitat for humpbacks has been designated in four 

locations in B.C., including off southwestern Vancouver Island (see Fig. 1).  The other three locations are 

located north of the proposed survey area at Haida Gwaii (Langara Island and Southeast Moresby Island) 

and at Gil Island (DFO 2013a).  These areas show persistent aggregations of humpback whales and have 

features such as prey availability, suitable acoustic environment, water quality, and physical space that 

allow for feeding, foraging, socializing, and resting (DFO 2013a).  Two of the proposed transect lines 

intersect the critical habitat on Swiftsure and La Pérouse Banks (see Fig. 1). 

Northern Abalone Critical Habitat.ðCritical habitat for northern abalone has been identified within 

four distinct geospatial areas that include Barkley Sound and surrounding waters on the southwest coast of 

Vancouver Island (see Fig. 1), the west and east coasts of Haida Gwaii, and the north and central coasts of 

B.C. (DFO 2012).  The west and east coasts of Haida Gwaii and the north and central coasts of mainland 

B.C. habitats were identified due to their historical significance in production to the former commercial 

abalone fishery; the Barkley Sound habitat was identified as an important rebuilding area (DFO 2012).   

Abalone are typically found in shallow waters <10 m attached to hard substratum such as rocks, 

boulders, and bedrock (DFO 2012).  Within the identified geographic boundaries, not all habitat comprises 

critical habitat, but rather only those areas with sites at least 20 m2 in size with a density of Ó0.1 abalone/m2 

that contain the following physical attributes: appropriate primary substrate consisting of bedrock or 

boulders for attachment or secondary substrate including some cobble; water with salinity >30 ppt and 

moderate to high water exchange from tidal currents or wave action; presence of encrusting coralline algae 

such as Lithothamnium spp.; and the presence of macroalgae such as Nereocystic, Macrocystic, 

Pterygophora, or Laminaria spp.  Encrusting coralline algae is a primary site of larval settlement and 

provides feeding and refuge grounds for juveniles (DFO 2012).  The critical habitat is located at least 23 km 

from the closest seismic transect (see Fig. 1).   
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3.2.3 Other Conservation Areas in U.S. Waters 

There are two portions of U.S. military land which are closed to access near the mouth of the 

Columbia River, referred to as Warrenton/Camp Rilea (USGS 2019).  All conservation areas near the 

project area are listed below and shown on Fig. 1.  Only those areas within 100 km of the proposed survey 

area are discussed below.   

Washington Islands National Wildlife Refuges.ðThe Washington Islands National Wildlife 

Refuges (NWRs) are located along 161 km of the outer coast of the Olympic Peninsula, encompassing 

more than 600 islands, sea stacks, rocks, and reefs.  The area is comprised of three NWRs: Copalis NWR 

(47.13ï47.48oN), Quillayute Needles NWR (47.63ï48.03oN), and Flattery Rocks NWR (48.03ï48.38oN).  

The refuges do not include islands that are part of designated Native American reservations.  Along much 

of the coastline adjacent to the islands lies the Olympic National Park (ONP).  In 1970, all three of the 

Washington Islands NWRs were designated as Wilderness Areas, except for Destruction Island in 

Quillayute Needles NWR.  As many as 500 Steller sea lions haul out and 150,000 pelagic birds nest annually 

on these islands (USFWS 2007).  The Olympic Coast National Marine Sanctuary (OCNMS) incorporates 

the entire area surrounding the islands and rocks of all three refuges (USFWS 2007).  At its closest point, 

the Washington Islands NWR is ~7 km east of the nearest seismic transect (see Fig. 1). 

Olympic Coast National Marine Sanctuary.ðThe OCNMS, designated in 1994, includes 8259 km2 

of marine waters off the Washington coast, extending 40ï72 km seaward and covering much of the 

continental shelf and several major submarine canyons (NOAA 2011).  The sanctuary protects a productive 

upwelling zone with high productivity and a diversity of marine life (NOAA 2011).  This area also has 

numerous shipwrecks.  The OCNMS management plan provides a framework for the sanctuary to manage 

potential threats to the sanctuaryôs marine resources under the National Marine Sanctuaries Act.  Federal 

law provides national marine sanctuaries the authority to adopt regulations and issue permits for certain 

activities, including taking any marine mammal, sea turtle, or seabird in or above the sanctuary, except as 

authorized by the MMPA, the ESA, and the Migratory Bird Treaty Act.  The easternmost portions of some 

seismic transects enter the OCNMS (Fig. 1). 

The OCNMS shares an overlapping boundary in the intertidal zone with the ONP.  The ONP, 

designated in 1938, is a zone of exclusive federal jurisdiction encompassing 3734 km2 and including some 

of the beaches and headlands along the coast (USFWS 2007).  Approximately 75% of the coastal strip is in 

Congressionally designated wilderness, which is afforded additional protections under the Wilderness Act.  

The OCNMS is a partner in the management of the ONP marine resources.   

Lewis and Clark National Wildlife Refuge.ðThe Lewis and Clark NWR includes ~20 islands 

stretching over 43.5 km of the Columbia River, from the mouth upstream to nearly Skamakowa, WA 

(USFWS 2019).  This refuge was established in 1972 to preserve the fish and wildlife habitat of the 

Columbia River estuary and supports large numbers of waterfowl, gulls, terns, wading birds, shorebirds, 

raptors, and songbirds.  It is located ~50 km southeast of the closest seismic transect (see Fig. 1). 

Willapa National Wildlife Refuge.ðThe Willapa NWR is located within Willapa Bay and Columbia 

River, WA.  It was established in 1973 by President Franklin D. Roosevelt to protect migrating birds and 

their habitat (USFWS 2013).  It consists of multiple segments, with the nearest located ~20 km northeast 

of the closest seismic transect (see Fig. 1). 

Oregon Islands National Wildlife Refuge.ðThe Oregon Islands NWR (OINWR) spans 515 km of 

the Oregon coast from the Oregon/California border to Tillamook Head (~45.9°N) and includes all rocks 

and islands above the line of mean high tide, except for rocks and islands of the Three Arch Rocks NWR.  
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All of the island acreage is designated National Wilderness, with the exception of Tillamook Rock 

(USFWS 2015a).  The OINWR is located ~7 km east of the nearest seismic transect (see Fig. 1). 

Three Arch Rocks National Wildlife Reserve.ðThree Arch Rocks NWR consists of 60 m2 on three 

large and six small rocky islands located ~1 km from shore.  It is one of the smallest designated wilderness 

areas in the U.S. and is the only pupping site for the Steller sea lion in northern Oregon (USFWS 2016a).  

This NWR is located ~12 km southeast from the closest seismic transect (see Fig. 1). 

Washington State Seashore Conservation Area.ðThe Washington State Seashore Conservation 

Area includes all seashore between the line of ordinary high tide and the line of extreme low tide between 

Cape Disappointment (~46.3°N) and Griffiths Priday State Park (~47.1°N).  The Conservation Area is 

under the jurisdiction of the Washington state parks and recreation commission (Washington State 

Parks n.d.).  The Seashore Conservation Area is ~15 km east of the closest seismic transect (see Fig. 1). 

Cape Falcon Marine Reserve.ðThe Cape Falcon Marine Reserve combines a marine reserve and 

two marine protected areas (MPAs) located at ~45.7ºN, 124ºW.  The entire protected area extends ~7 km 

along the coast of Oregon and out to ~7 km (see Fig. 1).  The reserve and MPA portions are 32 km2 and 

20 km2, respectively (ODFW 2019a).  No animals or seaweed may be taken from the reserve (ODFW 

2019a).  The Cape Falcon Marine Reserve is located ~5 km east of the closest seismic transect (see Fig. 1). 

Cascade Head Marine Reserve.ðThis site includes a marine reserve surrounded by three MPAs and 

is located off the central Oregon coast at ~45N̄, 124ºW.  The entire protected area extends 16 km along 

the coast (see Fig. 1) and out to 5.6 km (ODFW 2019a), with total areas of 25.1 km2 and 59.7 km2 for the 

marine reserve and MPA portions, respectively.  No animals or seaweed may be taken from the reserve 

(ODFW 2019a).  Cascade Head Marine Reserve is located ~6 km east of the closest seismic transect (see 

Fig. 1). 

Otter Rock Marine Reserve.ðThe Otter Rock Marine Reserve encompasses 3 km2 of nearshore 

rocky intertidal habitat at ~44.72ï44.75°N (ODFW 2019a).  No animals or seaweed may be taken from the 

reserve (ODFW 2019a).  The Otter Rock Marine Reserve is located ~11 km east of the closest seismic 

transect (see Fig. 1). 

Cape Perpetua Marine Reserve.ðThis site combines a marine reserve, two MPAs, and a seabird 

protection area.  It is located off the central coast of OR at ~44.2ºN, 124.1ºW.  The entire protected area 

extends ~26.5 km along the coast (see Fig. 1) and out to ~5 km, with total areas of 37 km2 and 49 km2 for 

the reserve and MPA portions, respectively (ODFW 2019a).  This marine reserve is located ~7 km east of 

the closest seismic transect (see Fig. 1).  

Redfish Rock Marine Reserve and Marine Protected Area.ðThe Redfish Rock Marine Reserve 

and MPA is located at ~42.67ï44.70°N.  The marine reserve encompasses 7 km2 of nearshore water, and 

the adjacent MPA covers an additional ~13 km2 (ODFW 2019a).  Redfish Rock Marine Reserve is located 

12 km east of the closest seismic transect (see Fig. 1). 

3.2.4 Other Conservation Areas in Canada 

Only those conservation areas within 100 km of the proposed survey area are discussed below.  Race 

Rocks Ecological Reserve is located in the Strait of Juan de Fuca ~101 km from the nearest survey transect; 

it is currently under consideration for designation as an MPA and is an Area of Interest (AOI) (DFO 2019a).  

Hecate Strait/Queen Charlotte Sound Glass Sponge Reefs MPA is located 112 km from the nearest 

proposed seismic transect.  There are several rockfish conservation areas (RCAs) adjacent to the proposed 

survey area; these are discussed in Section 3.6.5. 

http://en.wikipedia.org/wiki/Wilderness_Act
http://en.wikipedia.org/wiki/Wilderness_Act
http://en.wikipedia.org/wiki/Steller_Sea_Lion
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Offshore Pacific Area of Interest/Proposed Offshore Pacific MPA.ðThe Offshore Pacific Area of 

Interest encompasses 139,700 km2 of the Offshore Pacific Bioregion (OPB) west of Vancouver Island 

(DFO 2019b).  It has unique seafloor features such as seamounts and hydrothermal vents and ecosystems 

that support the OPB.  It includes the Offshore Pacific Seamounts and Vents Closure area, where all bottom 

contact from recreational and commercial fishing is prohibited, as well as other activities incompatible with 

the conservation of the ecological components.  An advisory committee has been established for this AOI, 

and a management approach is being developed to move towards the protection of this area, which could 

come into effect in 2020.  The western-most seismic transects enter the AOI (see Fig. 1). 

Endeavour Hydrothermal Vents MPA.ðThe Endeavour Hydrothermal Vents (EHV) were 

designated as the first MPA under Canadaôs Oceans Act in 2003 (DFO 2018b).  The EHV area covers 

97 km2 and is located on the Juan de Fuca Ridge, 256 km offshore from Vancouver Island, 2250 m below 

the oceanôs surface (Tunnicliffe and Thompson 1999); it occurs within the AOI.  Under the Canadian 

Oceans Act, underwater activities that may result in the disturbance, damage, destruction, or removal of the 

seabed, or any living marine organism or any part of its habitat, are prohibited in this MPA (Government 

of Canada 2019a).  The EHV area is located ~84 km west of the closest seismic transect (see Fig. 1).  

Scott Islands Marine National Wildlife Area.ðThis area (11,546 km2) was established in June 2018 

under Canadaôs Wildlife Act and consists of the marine waters extending out from the northwestern tip of 

Vancouver Island and surrounding the five islands of the Scott Islands (Government of Canada 2019b).  

The Scott Islands support the greatest concentration of breeding seabirds on the Pacific coast of Canada, 

hosting over 1 million nesting seabirds a year, including tufted puffins, common murres, Cassinôs auklets, 

and rhinoceros auklets (Government of Canada 2019b).  It also attracts up to 10 million migratory birds 

annually, including short-tailed albatross, black-footed albatross, pink-footed shearwater, marbled murrelet, 

and ancient murrelet (Government of Canada 2019b).  Pinniped rookeries are also located at the Scott 

Islands (Hoyt 2011), and the region encompasses a RCA.  This National Wildlife Area is located ~30 km 

from the closest proposed seismic transect (see Fig. 1).   

This area is also an Ecologically and Biologically Significant Area (EBSA) as determined by DFO 

due to its biologically rich environment, the diversity of marine mammals and fish, and it is important 

habitat for marine mammal species listed under SARA.  In this National Wildlife Reserve, regulations 

prohibit any activity that is likely to disturb, damage, or destroy wildlife or its habitat.  Among other 

restrictions, it is not permitted to be within 300 m of the low water mark of Triangle, Sartine, or Beresford 

islands, and vessels exceeding 400 t cannot anchor within 1 n.mi. of the aforementioned three islands 

(Government of Canada 2019c). 

Checleset Bay Ecological Reserve.ðThis ecological reserve is 346.5 km2 and is located between 

Kyuquot and the Brooks Peninsula, off the northwest coast of Vancouver Island.  It encompasses marine 

habitat for a reintroduced population of sea otters to increase their range and abundance; it also includes an 

RCA (B.C. Parks 2019).  Fisheries restrictions are in effect in the reserve and research activities may be 

carried out but only under permit (B.C. Parks 2019).  The Checleset Bay Ecological Reserve is located 

adjacent to the survey area (see Fig. 1). 

Pacific Rim National Park Reserve.ðThe marine component of this National Park Reserve covers 

220.5 km2 (Hoyt 2011).  It is located in coastal and nearshore waters of southwestern Vancouver Island, 

including parts of Barkley Sound, and encompasses habitat for gray whales, in particular during the 

summer, as well as for numerous other marine species (Hoyt 2011).  It is located 16 km east of the closest 

seismic transect.  The National Park Reserve is partially located within the Clayoquot Sound UNESCO 

World Biosphere Reserve and includes several RCAs.   
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Clayoquot Sound UNESCO Biosphere Reserve encompasses a diverse range of ecosystems; it was 

designated in 2000 (UNESCO 2019).  The marine component of Clayoquot Sound supports mudflats, 

beaches, and estuaries and contains the largest cover of eelgrass on the west coast of Vancouver Island.  

The marine area is important for gray whales, humpback whales, killer whales, and a variety of other marine 

mammal species.   

B.C. Northern Shelf MPA Network.ðThis initiative aims to build a network of MPAs for the shelf 

of B.C., stretching from the western shelf of northern Vancouver Island to Alaska (MPANetwork 2019), 

including the northern portion of the survey area.  The Northern Shelf consists of diverse ecosystems that 

provides important habitat for a variety of species.  The network is being developed by the Government of 

Canada, the Province of B.C., and First Nations.    

Ecologically and Biologically Significant Areas.ðAn EBSA is an area of relatively higher 

ecological or biological significance than surrounding areas (Rubridge et al. 2018).  The scientific criteria 

to identify an EBSA have been established at the national level by DFO (2004a) and at the international 

level by the Convention on Biological Diversity (CBD 2008).  The identification of an EBSA does not 

imply specific protection, rather it is a means of recognizing the special features within the area and the 

management of activities within the area are required to exhibit greater risk aversion (Ban et al. 2016).  In 

order for an area to be protected under the National Marine Conservation Areas Act or be designated as an 

MPA in Canada, it must first be identified as an EBSA, and the societal values and potential threats must 

be identified, in addition to the implementation of a management plan (Ban et al. 2016).  There are five 

EBSAs within the survey area, and two EBSAs adjacent to the survey area (Fig. 2; Table 4). 

3.3 Marine Mammals 

Thirty-three marine mammal species could occur in or near the proposed survey area, including 

7 mysticetes (baleen whales), 19 odontocetes (toothed whales), 6 pinnipeds (seals and sea lions), and the 

northern sea otter (Table 5).  Seven of the species are listed under the U.S. ESA as endangered, including 

the sperm, humpback (Central America DPS), sei, fin, blue, North Pacific right, and Southern Resident 

DPS of killer whales.  The threatened Mexico DPS of the humpback whale and the threatened Guadalupe 

fur seal could also occur in the proposed survey area.  It is very unlikely that gray whales from the 

endangered Western North Pacific DPS would occur in the proposed survey area.  The long-beaked 

common dolphin (D. capensis) and rough-toothed dolphin (Steno bredanensis) are distributed farther to the 

south.  These species are unlikely to be seen in the proposed survey area and are not addressed in the 

summaries below.  Although no sightings of D. capensis have been made off Oregon/Washington, Ford 

(2005) reported seven confirmed D. capensis sightings in B.C. waters from 1993ï2003.  All records 

occurred in inshore waters; Ford (2005) described D. capensis as a ñrare visitorò to B.C. waters, more likely 

to occur during warm-water periods.  No other sightings have been made since 2003 (Ford 2014).   

 General information on the taxonomy, ecology, distribution and movements, and acoustic 

capabilities of marine mammals are given in § 3.6.1, § 3.7.1, § 3.8.1, and § 3.8.1 of the PEIS.  One of the 

qualitative analysis areas (QAAs) defined in the PEIS, the B.C. Coast, is located just to the north of the 

proposed survey area.  The general distribution of mysticetes, odontocetes, pinnipeds, and sea otters off the 

B.C. Coast is discussed in § 3.6.3.2, § 3.7.3.2, § 3.8.3.2, and § 3.9.3.1 of the PEIS, respectively.  Southern 

California was chosen as a detailed analysis area (DAA) in the PEIS.  The general distribution of mysticetes, 

odontocetes, pinnipeds, and sea otters in southern California is discussed in § 3.6.2.3, § 3.7.2.3, § 3.8.2.3, 

and § 3.9.2.2 of the PEIS, respectively.  The rest of this section deals specifically with species distribution 

in the proposed survey area.  Although Harvey et al. (2007) and Best et al. (2015) provide information on 

densities and marine mammal hotspots in B.C. waters, their survey areas do not cover the proposed study area. 
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FIGURE 2.  EBSAs off the B.C. coast in (a) the Pacific Northern Shelf Bioregion (Source: Rubidge et al. 
2018) and (b) the Southern Shelf Bioregion (Source: DFO 2013b; 19 = Brooks Peninsula; 20 = Shelf Break; 
21 = Continental Shelf Off Of Barkley Sound; 22 = Juan de Fuca Eddy; 23 = Barkley Sound and Alberni 
Inlet; 24 = Strait of Juan de Fuca).   

  

a) 

b) 
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TABLE 4.  Summary of the Ecologically or Biologically Significant Marine Areas (a) within Canadian waters 
of the proposed survey area, and (b) adjacent to the proposed survey area. 

(a) 

EBSA Location Significance References 

Scott 

Islands (SI) 

Archipelago of five 

islands (Lanz, Cox, 

Sartine, Beresford, 

Triangle Island) 

located off the 

northwestern point of 

Vancouver Island, 

~10 km off Cape 

Scott Provincial Park  

¶ Area of significant upwelling and tidal mixing  

¶ High plankton productivity 
Important Species: 

¶ Spawning, breeding, or rearing: Pacific cod, lingcod, 
sablefish, arrowtooth flounder, Petrale sole, butter 
sole, rock sole, dover sole, English sole, widow 
rockfish, Steller sea lion, Cassinôs auklet, rhinoceros 
auklet, tufted puffin, common murre, cormorants, 
pigeon guillemot, storm petrel, glaucous winged gull 

¶ Feeding: Pacific hake, Pacific herring, gray whale, 
northern fur seal 

¶ Aggregation: humpback whale, sea otter 

Clarke and 

Jamieson 

(2006);  

DFO 

(2013b);  

Ban et al. 

(2016); 

Rubidge et 

al. (2018) 

Brooks 

Peninsula 

(BI) 

West coast of 

Vancouver Island. 

Brooks Peninsula 

juts 20 km into the 

Pacific Ocean and is 

home to a Provincial 

Park 

¶ High diversity of breeding and migrating bird species 

¶ High plankton productivity 

¶ Bottleneck between Brooks Peninsula and the 
Southern Shelf Break 

Important Species: 

¶ Spawning, rearing, or breeding: lingcod, common 
murre, tufted puffin, glaucous-winged gull, rhinoceros 
auklet 

¶ Aggregation: sea otter 

¶ Migration: possibly green sturgeon 

DFO 

(2013b); 

Ban et al. 

(2016); 

Rubidge et 

al. (2018) 

Southern 

Shelf Break 

(SSB) 

West coast of 

Vancouver Island 

from the Brooks 

Peninsula down to 

Barkley Sound along 

the shelf 

¶ High productivity and aggregation of plankton 

¶ Site of strong trophic transfers 
Important Species: 

¶ Spawning, rearing, or breeding: sablefish, dover sole, 
rockfish 

¶ Feeding: humpback whale, hake, northern fur seal 

¶ Aggregation: sperm, fin, blue, and sei whale; coral; 
tanner crab; possibly leatherback turtle  

DFO 

(2013b); 

Ban et al. 

(2016) 

Continental 

Shelf off 

Barkley 

Sound 

West coast of 

Vancouver Island 

that forms the 

entrance Alberni 

Inlet 

¶ High productivity and aggregation of plankton 

¶ Submarine banks, convergent circulation, and 
shallow depths 

¶ High trophic transfer 
Important Species: 

¶ Spawning, rearing, or breeding: Pacific herring, 
Pacific cod, sand lance  

¶ Feeding: humpback whale, southern resident killer 
whale, porpoise, northern fur seal, Steller sea lion, 
Pacific sardine, Pacific hake, candlefish 

¶ Aggregation: green sturgeon, dungeness crab, 
shrimp 

¶ Migration: Pacific sardine, candlefish, gray whale 

DFO (2013b) 

Juan de 

Fuca Eddy 

West coast of 

Vancouver Island 

and to the northwest 

coast of the Olympic 

Peninsula, WA 

¶ Geographical bottleneck 
Important Species: 

¶ Spawning, rearing, or breeding: Pacific herring 

¶ Feeding: gray whale, Pacific salmon 

¶ Aggregation: harbor porpoise, Dover sole, Pacific 
hake, green sea urchin 

¶ Migration: Pacific salmon, Pacific herring, candlefish 

DFO (2013b) 
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(b) 

EBSA Location Significance References 

Barkley 

Sound and 

Alberni Inlet 

West coast of 

Vancouver Island 

that forms the 

entrance to Alberni 

Inlet 

¶ Geographical bottleneck 
Important Species: 

¶ Spawning, rearing, or breeding: Pacific herring, 
juvenile eulachon, flatfish, gull, pelagic cormorant, 

¶ Feeding: gray whale, humpback whale, harbor seal, 
Steeler sea lion, salmon, sardine, surf scoter 

¶ Aggregation: Pacific loon, pigeon guillemot, marbles 
murrelets, Olympia oyster, Pacific oyster 

¶ Migration: green sturgeon, Pacific salmon 

¶ Uniqueness: Pacific hake (resident) inshore stock, 
historical basking shark records 

DFO (2013b) 

Juan de 

Fuca Strait 

West coast of 

Vancouver Island 

and to the northwest 

coast of the Olympic 

Peninsula of 

Washington 

¶ Geographical bottleneck 
Important Species: 

¶ Spawning, rearing, or breeding: Pacific herring 

¶ Feeding: gray whale, Pacific salmon 

¶ Aggregation: harbor porpoise, Dover sole, Pacific 
hake, green sea urchin, dungeness crab 

¶ Migration: Pacific salmon, eulachon 

¶ Uniqueness: killer whale critical habitat 

DFO (2013b) 

 

3.3.1 Mysticetes 

3.3.1.1 North Pacific Right Whale (Eubalaena japonica) 

North Pacific right whales summer in the northern North Pacific, primarily in the Okhotsk Sea 

(Brownell et al. 2001) and in the Bering Sea (Shelden et al. 2005; Wade et al. 2006).  This species is divided 

into western and eastern North Pacific stocks.  The eastern North Pacific stock that occurs in U.S. waters 

numbers only ~31 individuals (Wade et al. 2011a), and critical habitat has been designated in the eastern 

Bering Sea and in the Gulf of Alaska, south of Kodiak Island (NOAA 2019c).  Wintering and breeding 

areas are unknown, but have been suggested to include the Hawaiian Islands, Ryukyu Islands, and Sea of 

Japan (Allen 1942; Banfield 1974; Gilmore 1978; Reeves et al. 1978; Herman et al. 1980; Omura 1986).   

Whaling records indicate that right whales once ranged across the entire North Pacific north of 35ºN 

and occasionally occurred as far south as 20ºN (Kenney 2018).  Although right whales were historically 

reported off the coast of Oregon, occasionally in large numbers (Scammon 1874; Rice and Fiscus 1968), 

extensive shore-based and pelagic commercial whaling operations never took large numbers of the species 

south of Vancouver Island (Rowlett et al. 1994).  Nonetheless, Gilmore (1956) proposed that the main 

wintering ground for North Pacific right whales was off the Oregon coast and possibly northern California, 

postulating that the inherent inclement weather in those areas discouraged winter whaling (Rice and 

Fiscus 1968).   

Since the 1960s, North Pacific right whale sightings have been relatively rare (e.g., Clapham et 

al. 2004; Shelden et al. 2005).  However, starting in 1996, right whales have been seen regularly in the 

southeast Bering Sea, including calves in some years (Goddard and Rugh 1998; LeDuc et al. 2001; Moore et 

al. 2000, 2002a; Wade et al. 2006; Zerbini et al. 2009); they have also been detected acoustically (McDonald 

and Moore 2002; Munger et al. 2003; 2005, 2008; Berchok et al. 2009).  They are known to occur in the 

Bering Sea from MayïDecember (e.g., Tynan et al. 2001; Hildebrand and Munger 2005; Munger et al. 

2005, 2008).  In March 1979, a group of four right whales was seen in Yakutat Bay (Waite et al. 2003), but 

there were no further reports of right whale sightings in the Gulf of Alaska until July 1998, when a single 

whale was seen southeast of Kodiak Island (Waite et al. 2003).  Since 2000, several other sightings and 
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TABLE 5.  The habitat, abundance, and conservation status of marine mammals that could occur in or near 
the proposed seismic survey area in the Northeast Pacific Ocean.  N.A. means not available. 

Species 
Occurrence 

in Area1 
Habitat 

Abund-
ance2 

U.S. 
ESA3 

Canada 
IUCN6 CITES7 

COSEWIC4 SARA5 

Mysticetes         

North Pacific right whale  Rare 
Coastal, shelf, 

offshore 
400-5008 EN EN EN CR9 I 

Gray whale Common Coastal, shelf 
24310; 
26,960 

DL11 EN12 NS LC13 I 

Humpback whale  Common 
Mainly nearshore 

and banks 
2,900; 

10,10314 
EN/T15 SC SC LC I 

Common minke whale  Uncommon 
Nearshore, 

offshore 
636; 

25,00016 
NL NAR NS LC I 

Sei whale  Rare Mostly pelagic 
519; 

27,19717 
EN EN EN EN I 

Fin whale Common Slope, pelagic 
9,029; 

13,620-
18,68018 

EN SC T VU I 

Blue whale Rare 
Pelagic and 

coastal 
1,64719 EN EN EN EN I 

Odontocetes         

Sperm whale Common 
Pelagic, steep 

topography 
1,997; 

26,30020 
EN NAR NS VU I 

Pygmy sperm whale Rare Deep, off shelf 4111 NL NAR NS DD II 

Dwarf sperm whale  Rare 
Deep, shelf, 

slope 
N.A. NL NS NS DD II 

Cuvierôs beaked whale Uncommon Pelagic 3,274 NL NAR NS LC II 

Bairdôs beaked whale Uncommon Pelagic 2,697 NL NAR NS DD I 

Blainvilleôs beaked whale Rare Pelagic 3,04421 NL NAR NS DD II 

Hubbsô beaked whale Rare Slope, offshore 3,04421 NL NAR NS DD II 

Stejnegerôs beaked whale Uncommon Slope, offshore 3,04421 NL NAR NS DD II 

Common bottlenose 
dolphin 

Rare 
Coastal, shelf, 

deep 
1,92422 NL NAR NS LC II 

Striped dolphin Rare 
Off continental 

shelf 
29,211 NL NAR NS LC II 

Short-beaked common 
dolphin 

Uncommon 
Shelf, pelagic, 

seamounts 
969,861 NL NAR NS LC II 

Pacific white-sided dolphin Common Offshore, slope 
26,814 

22,16042 
NL NAR NS LC II 

Northern right whale 
dolphin 

Common 
Slope, offshore 

waters 
26,556 NL NAR NS LC II 

Rissoôs dolphin Uncommon 
Shelf, slope, 
seamounts 

6,336 NL NAR NS LC II 

False killer whale Rare Pelagic N.A. NL NAR NS NT II 

Killer whale Common 
Widely 

distributed 

7723 

24324 

26125 

30026 

 

EN27 EN/T28 EN/T28 DD II 

Short-finned pilot whale Rare 
Pelagic, high-

relief 
836 NL NAR NS LC II 

Harbor porpoise Common Shelf 
21,48729; 
35,76930 

8,09142 

 

NL SC SC LC II 

Dallôs porpoise Common 
Shelf, slope, 

offshore 
25,750 
5,30342 

NL NAR NS LC II 

Pinnipeds         

Guadalupe fur seal Rare 
Mainly coastal, 

pelagic 
20,000 T NAR NS LC I 



 III. Affected Environment 

Draft Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2020 Page 25 

Species 
Occurrence 

in Area1 
Habitat 

Abund-
ance2 

U.S. 
ESA3 

Canada 
IUCN6 CITES7 

COSEWIC4 SARA5 

Northern fur seal Uncommon Pelagic, offshore 
14,05031 

620,66032 NL T NS VU N.A. 

Northern elephant seal Uncommon 
Coastal, pelagic 

in migration 
179,00033 NL NAR NS LC N.A. 

Harbor seal Common Coastal 
24,73234 

105,00043 

 

NL NAR NS LC N.A. 

Steller sea lion Common Coastal, offshore 
41,63835 

4,03742 
DL36 SC SC NT37 N.A. 

California sea lion Uncommon Coastal 257,60638 NL NAR NS LC N.A. 

Fissipeds         

Northern Sea Otter Rare41 Coastal 
2,05839 

6,75444 
NL40 SC SC EN II 

1 Occurrence in area at the time of the survey; based on professional opinion and available data. 

2 Abundance for Eastern North Pacific, U.S., or CA/OR/WA stock from Carretta et al. (2019), unless otherwise stated. 
3 U.S. Endangered Species Act (ESA; NOAA 2019d): EN = Endangered, T = Threatened, NL = Not listed. 
4 Committee on the Status of Endangered Wildlife in Canada (COSEWIC) status (Government of Canada 2019d); 

EN = Endangered; T = Threatened; SC = Special Concern; NAR = Not at Risk. 
5 Pacific Population for Canadaôs Species at Risk Act (SARA) Schedule 1 species, unless otherwise noted (Government of 

Canada 2019d); EN = endangered; T = Threatened; SC = Special Concern; NS = No Status.  
6 Classification from the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2019); 

CR = Critically Endangered; EN = Endangered; VU = Vulnerable; LC = Least Concern; DD = Data Deficient. 
7 Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; UNEP-WCMC 2017): 

Appendix I = Threatened with extinction; Appendix II = not necessarily now threatened with extinction but may become so unless 
trade is closely controlled.   

8 North Pacific (Jefferson et al. 2015). 

9 The Northeast Pacific subpopulation is critically endangered; globally, the North Pacific right whale is endangered. 
10 Pacific Coast Feeding Group (Carretta et al. 2019). 
11 Although the Eastern North Pacific DPS was delisted under the ESA, the Western North Pacific DPS is listed as endangered. 

12 Pacific Coast Feeding Aggregation and Western Pacific populations are listed as endangered; the Northern Pacific Migratory 
population is not at risk. 

13 Globally considered as least concern; western population listed as endangered. 
14 Central North Pacific stock (Muto et al. 2019). 
15 The Central America DPS is endangered, and the Mexico DPS is threatened; the Hawaii DPS was delisted in 2016 (81 FR 62260, 

8 September 2016).   
16 Northwest Pacific and Okhotsk Sea (IWC 2018). 
17 Central and Eastern North Pacific (Hakamada and Matsuoka 2015a). 
18 North Pacific (Ohsumi and Wada 1974). 
19 Eastern North Pacific Stock (Calambokidis and Barlow 2013). 
20 Eastern Temperate Pacific; estimate based on visual sightings (Barlow and Taylor 2005). 
21 All mesoplodont whales (Moore and Barlow 2017; Carretta et al. 2019). 
22 California/Oregon//Washington offshore stock (Carretta et al. 2019). 

23 Eastern North Pacific Southern Resident stock (Carretta et al. 2019). 
24 West Coast Transient stock; minimum estimate (Muto et al. 2019). 
25 Northern Resident stock (Muto et al. 2019). 
26 North Pacific Offshore stock (Carretta et al. 2019). 
27 The Southern Resident DPS is listed as endangered; no other stocks are listed.   
28 Southern resident population is as endangered; the northern resident, offshore, and transient populations are threatened. 
29 Northern Oregon/southern Washington stock (Carretta et al. 2019). 
30 Northern California/Southern Oregon stock (Carretta et al. 2019). 
31 California stock (Carretta et al. 2019). 
32 Eastern Pacific stock (Muto et al. 2019). 
33 California breeding stock (Carretta et al. 2019). 
34 Oregon and Washington Coast stock (Carretta et al. 2019). 
35 Eastern U.S. stock (Muto et al. 2019). 
36 The Eastern DPS was delisted in 2013 (78 FR 66139, 4 November 2013); the Western DPS is listed as endangered. 
37 Globally considered as near threatened; western population listed as endangered. 
38 U.S. stock (Muto et al. 2019). 
39 Washington (Jeffries et al. 2017). 
40 Southwest Alaska DPS is listed as threatened. 
41 Although it is unlikely that sea otters would be seen during the survey, their habitat is likely to be ensonified to SPLs >160 dB. 
42 Coastal waters of B.C. (Best et al. 2015).  

43 B.C. (Ford 2014). 
44 B.C. (Nichol et al. 2015). 
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acoustic detections have been made in the western Gulf of Alaska during summer (Waite et al. 2003; 

Mellinger et al. 2004; RPS 2011; Wade et al. 2011a,b; Rone et al. 2014).  A biologically important area 

(BIA) for feeding for North Pacific right whales was designated east of the Kodiak Archipelago, 

encompassing the Gulf of Alaska critical habitat and extending south of 56°N and north of 58°N and beyond 

the shelf edge (Ferguson et al. 2015). 

South of 50ºN in the eastern North Pacific, only 29 reliable sightings were recorded from 1900ï1994 

(Scarff 1986, 1991; Carretta et al. 1994).  Despite many miles of systematic aerial and ship-based surveys 

for marine mammals off the coasts of California/Oregon/Washington over the years, only seven 

documented sightings of right whales were made from 1990ï2000 (Waite et al. 2003).  Two North Pacific 

right whale calls were detected on a bottom-mounted hydrophone (located in water 1390 m deep) off the 

Washington coast on 29 June 2013 (Ġiroviĺ et al. 2014).   

Right whales have been scarce in B.C. since 1900 (Ford 2014).  In the 1900s, there were only six 

records of right whales for B.C., all of which were catches by whalers (Ford et al. 2016).  Since 1951, there 

have only been three confirmed records.  A sighting of one individual 15 km off the west coast of Haida 

Gwaii was made on 9 June 2013 and another sighting occurred on 25 October 2013 on Swiftsure Bank near 

the entrance to the Strait of Juan de Fuca (Ford 2014; Ford et al. 2016; DFO 2017a).  The third and most 

recent sighting was made off Haida Gwaii in June 2018 (CBC 2018a).  There have been two additional 

unconfirmed records for B.C., including one off Haida Gwaii in 1970 and another for the Strait of Juan de 

Fuca in 1983 (Brownell et al. 2001; DFO 2011a; Ford 2014).   

Based on the very low abundance of this species, its rarity off the coasts of B.C., Washington, and 

Oregon in recent decades, and the likelihood that animals would be feeding in the Bering Sea and Gulf of 

Alaska at the time of the survey, it is possible although very unlikely that a North Pacific right whale could 

be encountered in the proposed survey area during the period of operations.   

3.3.1.2 Gray Whale (Eschrichtius robustus) 

Two separate populations of gray whales have been recognized in the North Pacific: the eastern North 

Pacific and western North Pacific (or Korean-Okhotsk) stocks (LeDuc et al. 2002; Weller et al. 2013).  

However, the distinction between these two populations has been recently debated owing to evidence that 

whales from the western feeding area also travel to breeding areas in the eastern North Pacific 

(Weller et al. 2012, 2013; Mate et al. 2015).  Thus, it is possible that whales from either the U.S. ESA-listed 

endangered Western North Pacific DPS or the delisted Eastern North Pacific DPS could occur in the 

proposed survey area, although it is unlikely that a gray whale from the Western North Pacific DPS would 

be encountered during the time of the survey.  Gray whale populations were severely reduced by whaling, 

and the western population has remained highly depleted, but the eastern North Pacific population is 

considered to have recovered.  In 2009, Punt and Wade (2012) estimated that the eastern North Pacific 

population was at 85% of its carrying capacity of 25,808 individuals.   

The eastern North Pacific gray whale breeds and winters in Baja California, and migrates north to 

summer feeding grounds in the northern Bering Sea, Chukchi Sea, and western Beaufort Sea (Rice and 

Wolman 1971; Rice 1998; Jefferson et al. 2015).  The migration northward occurs from late FebruaryïJune 

(Rice and Wolman 1971), with a peak into the Gulf of Alaska during mid-April (Braham 1984).  Instead of 

migrating to arctic and sub-arctic waters, some individuals spend the summer months scattered along the 

coast from California to Southeast Alaska (Rice and Wolman 1971; Nerini 1984; Darling et al. 1998; 

Calambokidis and Quan 1999; Dunham and Duffus 2001, 2002; Calambokidis et al. 2002, 2015, 2017).  

There is genetic evidence indicating the existence of this Pacific Coast Feeding Group (PCFG) as a distinct 

local subpopulation (Frasier et al. 2011; Lang et al. 2014), and the U.S. and Canada recognize it as such 
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(COSEWIC 2017; Carretta et al. 2019).  However, the status of the PCFG as a separate stock is currently 

unresolved (Weller et al. 2013).  For the purposes of abundance estimates, the PCFG is defined as occurring 

between 41°N to 52°N from 1 June to 30 November (IWC 2012).  The 2015 abundance estimate for the 

PCFG was 243 whales (Calambokidis et al. 2017); ~100 of those may occur in B.C. during summer 

(Ford 2014).  In B.C., most summer resident gray whales are found in Clayoquot Sound, Barkley Sound, 

and along the southwestern shore of Vancouver Island, and near Cape Caution, on the mainland 

(Ford 2014).  During surveys in B.C. waters during summer, most sightings were made within 10 km from 

shore in water shallower than 100 m (Ford et al. 2010a).   

BIAs for feeding gray whales along the coasts of Washington, Oregon, and California have been 

identified, including northern Puget Sound, Northwestern Washington, and Grays Harbor (WA); Depoe 

Bay and Cape Blanco & Orford Reef (OR), and Point St. George (CA); most of these areas are of 

importance from late spring through early fall (Calambokidis et al. 2015).  Resident gray whales have been 

observed foraging off the coast of Oregon from MayïOctober (Newell and Cowles 2006) and off 

Washington from June through November (Scordino et al. 2014).  A least 28 gray whales were observed 

near Depoe Bay, OR (~44.8°N), for three successive summers (Newell and Cowles 2006).  BIAs have also 

been identified for migrating gray whales along the entire coasts of Washington, Oregon, and California; 

although most whales travel within 10 km from shore, the BIAs were extended out to 47 km from the 

coastline (Calambokidis et al. 2015).  Gray whales from the far north begin to migrate south to breeding 

grounds on the west coast of Baja California and the southeastern Gulf of California in October and 

November (Braham 1984; Rugh et al. 2001).  Gray whales migrate closest to the Washington/Oregon 

coastline during spring (AprilïJune), when most strandings are observed (Norman et al. 2004).   

Oleson et al. (2009) observed 116 gray whales off the outer Washington coast (~47ºN) during 

42 small boat surveys from August 2004 through September 2008; mean distances from shore during the 

southern migration (DecemberïJanuary), northern migration (FebruaryïApril), and summer feeding 

(MayïOctober) activities were 29, 9, and 12 km, respectively; mean bottom depths during these activities 

were 126, 26, and 33 m, respectively.  Ortega-Ortiz and Mate (2008) tracked the distribution and movement 

patterns of gray whales off Yaquina Head on the central Oregon coast (~44.7°N) during the southbound 

and northbound migration in 2008.  The average distance from shore to tracked whales ranged from 200 m 

to 13.6 km; average bottom depth of whale locations was 12ï75 m.  The migration paths of tracked whales 

seemed to follow a constant depth rather than the shoreline.  During aerial surveys over the shelf and slope 

off Oregon and Washington, gray whales were seen during the months of January, JuneïJuly, and 

September; one sighting was made off the Columbia River estuary in water >200 m during June 2011 

(Adams et al. 2014).  Two sightings of three whales were seen from R/V Northern Light during a survey 

off southern Washington in July 2012 (RPS 2012a). 

In B.C., gray whales are common off Haida Gwaii and western Vancouver Island (Williams and 

Thomas 2007), in particular during migration.  Whales travel southbound along the coast of B.C. during 

their migration to Baja California between November and January, with a peak off Vancouver Island during 

late December; during the northbound migration, whales start appearing off Vancouver Island during late 

February, with a peak in late March, with fewer whales occurring during April and May (Ford 2014).  

Northbound migrants typically travel within ~5 km from shore (Ford 2014), although some individuals 

have been sighted more than 10 km from shore (Ford et al. 2010a, 2013).  Based on acoustic detections 

described by Meyer (2017 in COSEWIC 2017), the southward migration also takes place in shallow shelf 

waters.  After leaving the waters off Vancouver Island, gray whales typically use Hecate Strait and Dixon 

Entrance as opposed to the west coast of Haida Gwaii as their main migratory corridor through Southeast 
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Alaska during the northbound migration (Ford et al. 2013); during the southbound migration, gray whales 

likely migrate past the outer coast of Haida Gwaii (Ford 2014; Mate et al. 2015; COSEWIC 2017).   

The proposed surveys would occur during the late spring/summer feeding season, when most 

individuals from the eastern North Pacific stock occur farther north.  Nonetheless, individuals particularly 

from the PCFG could be encountered in nearshore waters of the proposed project area, although few are 

expected to be seen more than 10 km from shore.  NOAA (2019e) has declared an unusual mortality event 

(UME) for gray whales in 2019, as an elevated number of strandings have occurred along the coast of the 

Pacific Northwest since January.  As of 30 September 2019, a total of 212 dead gray whales have been 

reported, including 121 in the U.S. (14 in Washington; 6 in Oregon), 81 in Mexico, and 10 in B.C.; some 

of the whales were emaciated.  UMEs for gray whales were also declared in 1999 and 2000 (NOAA 2019e).  

3.3.1.3 Humpback Whale (Megaptera novaeangliae) 

The humpback whale is found throughout all oceans of the World (Clapham 2018).  Based on genetic 

data, there could be three subspecies, occurring in the North Pacific, North Atlantic, and Southern 

Hemisphere (Jackson et al. 2014).  Nonetheless, genetic analyses suggest some gene flow (either past or 

present) between the North and South Pacific (e.g., Jackson et al. 2014; Bettridge et al. 2015).  Although 

considered to be mainly a coastal species, humpback whales often traverse deep pelagic areas while 

migrating (Calambokidis et al. 2001; Garrigue et al. 2002, 2015; Zerbini et al. 2011).  Humpbacks migrate 

between summer feeding grounds in high latitudes and winter calving and breeding grounds in tropical 

waters (Clapham and Mead 1999).   

North Pacific humpback whales summer in feeding grounds along the Pacific Rim and in the Bering 

and Okhotsk seas (Pike and MacAskie 1969; Rice 1978; Winn and Reichley 1985; 

Calambokidis et al. 2000, 2001, 2008; Bettridge et al. 2015).  Humpbacks winter in four different breeding 

areas: (1) the coast of Mexico; (2) the coast of Central America; (3) around the main Hawaiian Islands; and 

(4) in the western Pacific, particularly around the Ogasawara and Ryukyu islands in southern Japan and the 

northern Philippines (Calambokidis et al. 2008; Bettridge et al. 2015).  These breeding areas are recognized 

as the Mexico, Central America, Hawaii, and Western Pacific DPSs, but feeding areas have no DPS status 

(Bettridge et al. 2015; NMFS 2016b).  There is potential for mixing of the western and eastern North Pacific 

humpback populations on their summer feeding grounds, but several sources suggest that this occurs to a 

limited extent (Muto et al. 2019).  NMFS is currently reviewing the global humpback whale stock structure 

in light of the revisions to their ESA listing and identification of 14 DPSs (NMFS 2016b).   

During summer, most eastern North Pacific humpback whales are on feeding grounds in Alaska, with 

smaller numbers summering off the U.S. west coast and B.C. (Calambokidis et al. 2001, 2008).  Individuals 

encountered in the proposed survey area would be from the Hawaii, Mexico, and/or Central America DPSs 

(Calambokidis et al. 2008; Ford 2014).  The humpback whale is the most common species of large cetacean 

reported off the coasts of Oregon and Washington from MayïNovember (Green et al. 1992; 

Calambokidis et al. 2000, 2004).  The highest numbers have been reported off Oregon during May and June 

and off Washington during JulyïSeptember.  Humpbacks occur primarily over the continental shelf and 

slope during the summer, with few reported in offshore pelagic waters (Green et al. 1992; 

Calambokidis et al. 2004, 2015; Becker et al. 2012; Barlow 2016).  BIAs for feeding humpback whales 

along the coasts of Oregon and Washington, which have been designated from MayïNovember, are all 

within ~80 km from shore, and include the waters off northern Washington, and Stonewall and Heceta 

Bank, OR; another five BIAs occur off California (Calambokidis et al. 2015).  Six humpback whale 

sightings (8 animals) were made off Washington/Oregon during the JuneïJuly 2012 L-DEO Juan de Fuca 

plate seismic survey.  There were 98 humpback whale sightings (213 animals) made during the July 2012 
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L-DEO seismic survey off southern Washington (RPS 2012a), and 11 sightings (23 animals) during the 

July 2012 L-DEO seismic survey off Oregon (RPS 2012c).   

Humpback whales are common in the waters of B.C., where they occur in inshore, outer coastal, 

continental shelf waters, as well as offshore (Ford 2014).  Williams and Thomas (2007) estimated an 

abundance of 1310 humpback whales in inshore coastal waters of B.C. based on surveys conducted in 2004 

and 2005.  Best et al. (2015) provided an estimate of 1029 humpbacks based on surveys during 2004ï2008.  

In B.C., humpbacks are typically seen within 20 km from the coast, in water <500 m deep (Ford et 

al. 2010a).  They were the most frequently sighted cetacean during DFO surveys in 2002ï2008 (Ford et 

al. 2010a).  Critical habitat for humpbacks has been designated in B.C., including the waters of the proposed 

survey area off southwestern Vancouver Island (DFO 2013a).  Humpback whales were detected 

acoustically on La Pérouse Bank off southwestern Vancouver Island from May through September 2007 

(Ford et al. 2010b).   

The greatest numbers are seen in B.C. between April and November, although humpbacks are known 

to occur there throughout the year (Ford et al. 2010a; Ford 2014).  Gregr et al. (2000) also presented 

evidence of widespread winter foraging in B.C. based on whaling records.  Humpback whales are thought 

to belong to at least two distinct feeding stocks in B.C.; those identified off southern B.C. show little 

interchange with those seen off northern B.C. (Calambokidis et al. 2001, 2008).  Humpback whales 

identified in southern B.C. show a low level of interchange with those seen off California/Oregon/ 

Washington (Calambokidis et al. 2001).  Humpback whales are likely to be common in the proposed survey 

area, especially in nearshore waters. 

3.3.1.4 Common Minke Whale (Balaenoptera acutorostrata scammoni) 

The minke whale has a cosmopolitan distribution that spans from tropical to polar regions in both 

hemispheres (Jefferson et al. 2015).  In the Northern Hemisphere, the minke whale is usually seen in coastal 

areas, but can also be seen in pelagic waters during its northward migration in spring and summer and 

southward migration in autumn (Stewart and Leatherwood 1985).  In the North Pacific, the summer range 

of the minke whale extends to the Chukchi Sea; in the winter, the whales move south to within 2º of the 

Equator (Perrin et al. 2018).   

The International Whaling Commission (IWC) recognizes three stocks of minke whales in the North 

Pacific: the Sea of Japan/East China Sea, the rest of the western Pacific west of 180ºN, and the remainder 

of the Pacific (Donovan 1991).  Minke whales are relatively common in the Bering and Chukchi seas and 

in the Gulf of Alaska but are not considered abundant in any other part of the eastern Pacific 

(Brueggeman et al. 1990).  In the far north, minke whales are thought to be migratory, but they are believed 

to be year-round residents in nearshore waters off west coast of the U.S. (Dorsey et al. 1990).   

Sightings have been made off Oregon and Washington in shelf and deeper waters (Green et 

al. 1992; Adams et al. 2014; Barlow 2016; Carretta et al. 2019).  An estimated abundance of 211 minke 

whales was reported for the Oregon/Washington region based on sightings data from 1991ï2005 

(Barlow and Forney 2007), whereas a 2008 survey did not record any minke whales while on survey effort 

(Barlow 2010).  The abundance for Oregon/Washington for 2014 was estimated at 507 minke whales 

(Barlow 2016).  There were no sightings of minke whales off Oregon/Washington during the 

JuneïJuly 2012 L-DEO Juan de Fuca plate seismic survey or during the July 2012 L-DEO seismic survey 

off Oregon (RPS 2012b,c).  One minke whale was seen during the July 2012 L-DEO seismic survey off 

southern Washington (RPS 2012a).   
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Minke whales are sighted regularly in nearshore waters of B.C., but they are not abundant 

(COSEWIC 2006).  They are most frequently sighted around the Gulf Islands and off northeastern 

Vancouver Island (Ford 2014).  They are also regularly seen off the east coast of Moresby Island, and in 

Dixon Entrance, Hecate Strait, Queen Charlotte Sound, and the west coast of Vancouver Island where they 

occur in shallow and deeper water (Ford et al. 2010a; Ford 2014).  Williams and Thomas (2007) estimated 

minke whale abundance for inshore coastal waters of B.C. at 388 individuals based on surveys conducted 

in 2004 and 2005.  Best et al. (2015) provided an estimate of 522 minke whales based on surveys during 

2004ï2008.  Most sightings have been made during July and August; although most minke whales are 

likely to migrate south during the winter, they can be seen in B.C. waters throughout the year; however, 

few sightings occur from December through February (Ford 2014).  Minke whales are expected to be 

uncommon in the proposed survey area.   

3.3.1.5 Sei Whale (Balaenoptera borealis) 

The sei whale occurs in all ocean basins (Horwood 2018), but appears to prefer mid-latitude 

temperate waters (Jefferson et al. 2015).  It undertakes seasonal migrations to feed in subpolar latitudes 

during summer and returns to lower latitudes during winter to calve (Horwood 2018).  The sei whale is 

pelagic and generally not found in coastal waters (Harwood and Wilson 2001).  It occurs in deeper waters 

characteristic of the continental shelf edge region (Hain et al. 1985) and in other regions of steep 

bathymetric relief such as seamounts and canyons (Kenney and Winn 1987; Gregr and Trites 2001).  On 

feeding grounds, sei whales associate with oceanic frontal systems (Horwood 1987) such as the cold eastern 

currents in the North Pacific (Perry et al. 1999a).  Sei whales migrate from temperate zones occupied in 

winter to higher latitudes in the summer, where most feeding takes place (Gambell 1985a).  During summer 

in the North Pacific, the sei whale can be found from the Bering Sea to the Gulf of Alaska and down to 

southern California, as well as in the western Pacific from Japan to Korea.  Its winter distribution is 

concentrated at ~20°N (Rice 1998).   

Sei whales are rare in the waters off California, Oregon, and Washington (Brueggeman et al. 1990; 

Green et al. 1992; Barlow 1994, 1997).  Less than 20 confirmed sightings were reported in that region 

during extensive surveys during 1991ï2014 (Green et al. 1992, 1993; Hill and Barlow 1992; Carretta and 

Forney 1993; Mangels and Gerrodette 1994; Von Saunder and Barlow 1999; Barlow 2003, 2010, 2014; 

Forney 2007; Carretta et al. 2019).  Based on surveys conducted in 1991ï2008, the estimated abundance of 

sei whales off the coasts of Oregon and Washington was 52 (Barlow 2010); for 2014, the abundance 

estimate was 468 (Barlow 2016).  Two sightings of four individuals were made during the JuneïJuly 2012 

L-DEO Juan de Fuca plate seismic survey off Washington/Oregon (RPS 2012b).  No sei whales were 

sighted during the July 2012 L-DEO seismic surveys off Oregon and Washington (RPS 2012a,c).   

Off the west coast of B.C., 4002 sei whales were caught from 1908ï1967; the majority were taken 

from 1960ï1967 during AprilïJune (Gregr et al. 2000).  The pattern of seasonal abundance suggested that 

the whales were caught as they migrated to summer feeding grounds, with the peak of the migration in July 

and offshore movement in summer, from ~25 km to ~100 km from shore (Gregr et al. 2000).  Historical 

whaling data show that sei whales used to be distributed along the continental slope of B.C. and over a large 

area off the northwest coast of Vancouver Island (Gregr and Trites 2001).   

Sei whales are now considered rare in Pacific waters of the U.S. and Canada; in B.C., there were no 

sightings in the late 1900s after whaling ceased (Gregr et al. 2006).  A single sei whale was seen off 

southeastern Moresby Island in Hecate Strait coastal surveys in the summers of 2004/2005 (Williams and 

Thomas 2007).  Ford (2014) only reported two sightings for B.C., both of those far offshore from Haida 

Gwaii.  Possible sei whale vocalizations were detected off the west coast of Vancouver Island during spring 
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and summer 2006 and 2007 (Ford et al. 2010b).  Gregr and Trites (2001) proposed that the area off 

northwestern Vancouver Island and the continental slope may be critical habitat for sei whales because of 

favorable feeding conditions; however, no critical habitat has been designated (Parks Canada 2016).  Sei 

whales could be encountered during the proposed survey, although this species is considered rare in these 

waters. 

3.3.1.6 Fin Whale (Balaenoptera physalus) 

The fin whale is widely distributed in all the Worldôs oceans (Gambell 1985b), although it is most 

abundant in temperate and cold waters (Aguilar and García-Vernet 2018).  Nonetheless, its overall range 

and distribution are not well known (Jefferson et al. 2015).  A review of fin whale distribution in the North 

Pacific noted the lack of sightings across pelagic waters between eastern and western winter areas 

(Mizroch et al. 2009).  Fin whales most commonly occur offshore, but can also be found in coastal areas 

(Jefferson et al. 2015).   

Most populations migrate seasonally between temperate waters where mating and calving occur in 

winter, and polar waters where feeding occurs in summer (Aguilar and García-Vernet 2018).  Some animals 

may remain at high latitudes in winter or low latitudes in summer (Edwards et al. 2015).  The northern and 

southern fin whale populations likely do not interact owing to their alternate seasonal migration; the 

resulting genetic isolation has led to the recognition of two subspecies, B. physalus quoyi and B. p. physalus 

in the Southern and Northern hemispheres, respectively (Anguilar and García-Vernet 2018).  The fin whale 

is known to use the shelf edge as a migration route (Evans 1987).  Sergeant (1977) suggested that fin whales 

tend to follow steep slope contours, either because they detect them readily, or because the contours are 

areas of high biological productivity.  However, fin whale movements have been reported to be complex 

(Jefferson et al. 2015).  Stafford et al. (2009) noted that sea-surface temperature is a good predictor variable 

for fin whale call detections in the North Pacific.   

North Pacific fin whales summer from the Chukchi Sea to California and winter from California 

southwards (Gambell 1985b).  Information about the seasonal distribution of fin whales in the North Pacific 

has been obtained from the detection of fin whale calls by bottom-mounted, offshore hydrophone arrays 

along the U.S. Pacific coast, in the central North Pacific, and in the western Aleutian Islands (Moore et 

al. 1998, 2006; Watkins et al. 2000a,b; Stafford et al. 2007, 2009).  Fin whale calls are recorded in the North 

Pacific year-round (e.g., Moore et al. 2006; Stafford et al. 2007, 2009; Edwards et al. 2015).  In the central 

North Pacific, the Gulf of Alaska, and Aleutian Islands, call rates peak during fall and winter (Moore et 

al. 1998, 2006; Watkins et al. 2000a,b; Stafford et al. 2009).   

Fin whales are routinely sighted during surveys off Oregon and Washington (Barlow and 

Forney 2007; Barlow 2010, 2016; Adams et al. 2014; Calambokidis et al. 2015; Edwards et al. 2015; 

Carretta et al. 2019), including in coastal as well as offshore waters.  They have also been detected 

acoustically in those waters during JuneïAugust (Edwards et al. 2015).  Eight fin whale sightings 

(19 animals) were made off Washington/Oregon during the JuneïJuly 2012 L-DEO Juan de Fuca plate 

seismic survey; sightings were made in waters 2369ï3940 m deep (RPS 2012b).  Fourteen fin whale 

sightings (28 animals) were made during the July 2012 L-DEO seismic surveys off southern Washington 

(RPS 2012a).  No fin whales were sighted during the July 2012 L-DEO seismic survey off Oregon 

(RPS 2012c).  Fin whales were also seen off southern Oregon during July 2012 in water >2000 m deep 

during surveys by Adams et al. (2014).   

From 1908ï1967, 7605 fin whales were caught off the west coast of B.C. by whalers; catches 

increased gradually from March to a peak in July, then decreased rapidly to very few in September and 

October (Gregr et al. 2000).  Fin whales occur throughout B.C. waters near and past the continental shelf 
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break, as well as in inshore waters (Ford 2014).  Williams and Thomas (2007) estimated fin whale 

abundance in inland coastal B.C. waters at 496 based on surveys conducted in 2004 and 2005.  Best et 

al. (2015) provided an estimate of 329 whales based on surveys during 2004ï2008.  Although fin whale 

records exist throughout the year, few sightings have been made from November through March 

(Ford 2014; Edwards et al. 2015).  Fin whales were the second most common cetacean sighted during DFO 

surveys in 2002ï2008 (Ford et al. 2010a).  They appear to be more common in northern B.C., but sightings 

have been made along the shelf edge and in deep waters off western Vancouver Island (Ford et al. 2010a; 

Calambokidis et al. 2003; Ford 2014).  Acoustic detections have been made throughout the year in pelagic 

waters west of Vancouver Island (Edwards et al. 2015).  Calls were detected from February through July 

2006 at Union Seamount off northwestern Vancouver island, and from May through September at La 

Pérouse Bank (Ford et al. 2010b).  Gregr and Trites (2001) proposed that the area off northwestern 

Vancouver Island and the continental slope may be critical habitat for fin whales because of favorable 

feeding conditions; however, no critical habitat has been designated (Parks Canada 2016).  Fin whales are 

likely to be encountered in the proposed survey area. 

3.3.1.7 Blue Whale (Balaenoptera musculus) 

The blue whale has a cosmopolitan distribution and tends to be pelagic, only coming nearshore to 

feed and possibly to breed (Jefferson et al. 2015).  Although it has been suggested that there are at least five 

subpopulations of blue whales in the North Pacific (NMFS 1998), analysis of blue whale calls monitored 

from the U.S. Navy Sound Surveillance System (SOSUS) and other offshore hydrophones 

(see Stafford et al. 1999, 2001, 2007; Watkins et al. 2000a; Stafford 2003) suggests that there are two 

separate populations: the eastern and central (formerly western) stocks (Carretta et al. 2019).  The status of 

these two populations could differ substantially, as little is known about the population size in the western 

North Pacific (Branch et al. 2016).  Broad-scale acoustic monitoring indicates that blue whales occurring 

in the northeast Pacific during summer and fall may winter in the eastern tropical Pacific (Stafford et al. 

1999, 2001).   

In the North Pacific, blue whale calls are detected year-round (Stafford et al. 2001, 2009; 

Moore et al. 2002b, 2006; Monnahan et al. 2014).  Stafford et al. (2009) reported that sea-surface 

temperature is a good predictor variable for blue whale call detections in the North Pacific.  The distribution 

of the species, at least during times of the year when feeding is a major activity, occurs in areas that provide 

large seasonal concentrations of euphausiids (Yochem and Leatherwood 1985).  The eastern North Pacific 

stock feeds in California waters from JuneïNovember (Calambokidis et al. 1990; Mate et al. 1999).  There 

are nine BIAs for feeding blue whales off the coast of California (Calambokidis et al. 2015), and core areas 

have also been identified there (Irvine et al. 2014).   

Blue whales are considered rare off Oregon, Washington, and B.C. (Buchanan et al. 2001; 

Gregr et al. 2006; Ford 2014), although satellite-tracked individuals have been reported off the coast (Bailey 

et al. 2009).  Based on modeling of the dynamic topography of the region, blue whales could occur in 

relatively high densities off Oregon during summer and fall (Pardo et al. 2015: Hazen et al. 2017).  Densities 

along the U.S. west coast, including Oregon, were predicted to be highest in shelf waters, with lower 

densities in deeper offshore areas (Becker et al. 2012; Calambokidis et al. 2015).  Blue whales have been 

detected acoustically off Oregon (McDonald et al. 1995; Stafford et al. 1998; Von Saunder and 

Barlow 1999). 

Whalers used to take blue whales in offshore waters of B.C.; from 1908ï1967, 1398 blue whales 

were caught (Gregr et al. 2000).  Since then, sightings have been rare (Ford 2014; DFO 2017a) and there is 

no abundance estimate for B.C. waters (Nichol and Ford 2012).  During surveys of B.C. waters from 
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2002ï2013, 16 sightings of blue whales were made, all of which occurred just to the south or west of Haida 

Gwaii during June, July, and August (Ford 2014).  Seventeen blue whales have been photo identified off 

Haida Gwaii, B.C., and three were matched with whales occurring off California 

(Calambokidis et al. 2004b; Nichol and Ford 2012; Ford 2014).  There have also been sightings off 

Vancouver Island during summer and fall (Calambokidis et al. 2004b; Ford 2014), with the most recent one 

reported off southwestern Haida Gwaii in July 2019 (CBC 2019).  Blue whales were regularly detected on 

bottom-mounted hydrophones deployed off B.C. (Sears and Calambokidis 2002).  Blue whale calls off 

Vancouver Island begin during August, increase in September and October, continue through 

NovemberïFebruary, and decline by March (Burtenshaw et al. 2004; Ford et al. 2010b; Ford 2014).  They 

were detected on La Pérouse Bank, off southwestern Vancouver Island, during September 2007 but no calls 

were detected at Union Seamount, offshore from northwestern Vancouver Island (Ford et al. 2010b).  Blue 

whales could be encountered in the proposed survey area, but are considered rare in the region. 

3.3.2 Odontocetes 

3.3.2.1 Sperm Whale (Physeter macrocephalus) 

The sperm whale is widely distributed, occurring from the edge of the polar pack ice to the Equator 

in both hemispheres, with the sexes occupying different distributions (Whitehead 2018).  In general, it is 

distributed over large temperate and tropical areas that have high secondary productivity and steep 

underwater topography, such as volcanic islands (Jaquet and Whitehead 1996).  Its distribution and relative 

abundance can vary in response to prey availability, most notably squid (Jaquet and Gendron 2002).  

Females generally inhabit waters >1000 m deep at latitudes <40º where sea surface temperatures are <15ºC; 

adult males move to higher latitudes as they grow older and larger in size, returning to warm-water breeding 

grounds according to an unknown schedule (Whitehead 2018).   

Sperm whales are distributed widely across the North Pacific (Rice 1989).  Off California, they occur 

year-round (Dohl et al. 1983; Barlow 1995; Forney et al. 1995), with peak abundance from April to 

mid-June and from August to mid-November (Rice 1974).  Off Oregon, sperm whales are seen in every 

season except winter (Green et al. 1992).  Sperm whales were sighted during surveys off Oregon in 

October 2011 and off Washington in June 2011 (Adams et al. 2014).  Sperm whale sightings were also 

made off Oregon and Washington during the 2014 Southwest Fisheries Science Center (SWFSC) vessel 

survey (Barlow 2016).  Sperm whales were detected acoustically in waters off Oregon and Washington in 

August 2016 during the SWFSC Passive Acoustics Survey of Cetacean Abundance Levels (PASCAL) 

study using drifting acoustic recorders (Keating et al. 2018).  Oleson et al. (2009) noted a significant diel 

pattern in the occurrence of sperm whale clicks at offshore and inshore monitoring locations off 

Washington, whereby clicks were more commonly heard during the day at the offshore site and at night at 

the inshore location, suggesting possible diel movements up and down the slope in search of prey.  Sperm 

whale acoustic detections were also reported at an inshore site from June through January 2009, with an 

absence of calls during FebruaryïMay (Ġiroviĺ et al. 2012).   

From 1908ï1967, 6158 sperm whales were caught off the west coast of B.C.  They were taken in 

large numbers in April, with a peak in May.  Analysis of data on catch locations, sex of the catch, and fetus 

lengths indicated that males and females were both 50ï80 km from shore while mating in April and May, 

and that by July and August, adult females had moved to waters >100 km offshore to calve), and adult 

males had moved to within ~25 km of shore (Gregr et al. 2000).  At least in the whaling era, females did 

not travel north of Vancouver Island whereas males were observed in deep water off Haida Gwaii (Gregr et 

al. 2000).  After the whaling era, sperm whales have been sighted and detected acoustically in B.C. waters 

throughout the year, with a peak during summer (Ford 2014).  Acoustic detections at La Pérouse Bank off 
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southwestern Vancouver Island have been recorded during spring and summer (Ford et al. 2010b).  

Sightings west of Vancouver Island and Haida Gwaii indicate that this species still occurs in B.C. in small 

numbers (Ford 2014).  A single sperm whale was sighted during the 2009 ETOMO survey, west of the 

proposed survey area (Holst 2017).  Based on whaling data, Gregr and Trites (2001) proposed that the area 

off northwestern Vancouver Island and the continental slope may be critical habitat for male sperm whales 

because of favorable feeding conditions; however, no critical habitat has been designated (Parks Canada 

2016).  Sperm whales are likely to be encountered in the proposed survey area. 

3.3.2.2 Pygmy and Dwarf Sperm Whales (Kogia breviceps and K. sima)  

Dwarf and pygmy sperm whales are distributed throughout tropical and temperate waters of the 

Atlantic, Pacific and Indian oceans, but their precise distributions are unknown because much of what we 

know of the species comes from strandings (McAlpine 2018).  They are difficult to sight at sea, because of 

their dive behavior and perhaps because of their avoidance reactions to ships and behavior changes in 

relation to survey aircraft (Würsig et al. 1998).  The two species are often difficult to distinguish from one 

another when sighted (McAlpine 2018). 

Both Kogia species are sighted primarily along the continental shelf edge and slope and over deeper 

waters off the shelf (Hansen et al. 1994; Davis et al. 1998; Jefferson et al. 2015).  Stomach content analyses 

from stranded whales further support this distribution (McAlpine 2018).  Recent data indicate  that both 

Kogia species feed in the water column and on/near the seabed, likely using echolocation to search for prey 

(McAlpine 2018).  Several studies have suggested that pygmy sperm whales live and feed mostly beyond 

the continental shelf edge, whereas dwarf sperm whales tend to occur closer to shore, often over the 

continental shelf and slope (Rice 1998; Wang et al. 2002; MacLeod et al. 2004; McAlpine 2018).  It has 

also been suggested that the pygmy sperm whale is more temperate and the dwarf sperm whale more 

tropical, based at least partially on live sightings at sea from a large database from the eastern tropical 

Pacific (Wade and Gerrodette 1993; McAlpine 2018).   

Pygmy and dwarf sperm whales are rarely sighted off Oregon and Washington, with only one 

sighting of an unidentified Kogia sp. beyond the U.S. EEZ, during the 1991ï2014 NOAA vessel surveys 

(Carretta et al. 2019).  Norman et al. (2004) reported eight confirmed stranding records of pygmy sperm 

whales for Oregon and Washington, five of which occurred during autumn and winter.  There are several 

unconfirmed sighting reports of the pygmy sperm whale from the Canadian west coast (Baird et al. 1996).  

There is a stranding record of a pygmy sperm whale for northeastern Vancouver Island (Ford 2014), and 

there is a single dwarf sperm whale stranding record for southwestern Vancouver Island in September 1981 

(Ford 2014).  Willis and Baird (1998) state that the dwarf sperm whale is likely found in B.C. waters more 

frequently than recognized, but Ford (2014) suggested that the presence of Kogia spp. in B.C. waters is 

extralimital.  Despite the limited number of sightings, it is possible that pygmy or dwarf sperm whales could 

be encountered within the proposed project area. 

3.3.2.3 Cuvierôs Beaked Whale (Ziphius cavirostris) 

Cuvierôs beaked whale is probably the most widespread and common of the beaked whales, although 

it is not found in high-latitude polar waters (Heyning 1989; Baird 2018a).  It is rarely observed at sea and 

is known mostly from strandings; it strands more commonly than any other beaked whale (Heyning 1989).  

Cuvierôs beaked whale is found in deep water in the open ocean and over and near the continental slope 

(Gannier and Epinat 2008; Baird 2018a).  Its inconspicuous blows, deep-diving behavior, and tendency to 

avoid vessels all help to explain the infrequent sightings (Barlow and Gisiner 2006).   

The population in the California Current LME seems to be declining (Moore and Barlow 2013).  
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Nonetheless, MacLeod et al. (2006) reported numerous sightings and strandings along the Pacific coast of 

the U.S.  Cuvierôs beaked whale is the most common beaked whale off the U.S. west coast (Barlow 2010), 

and it is the beaked whale species that has stranded most frequently on the coasts of Oregon and 

Washington.  From 1942ï2010, there were 23 reported Cuvierôs beaked whale strandings in Oregon and 

Washington (Moore and Barlow 2013).  Most (75%) Cuvierôs beaked whale strandings reported occurred 

in Oregon (Norman et al. 2004).   

Four beaked whale sightings were reported in water depths >2000 m off Oregon/Washington during 

surveys in 2008 (Barlow 2010).  None were seen in 1996 or 2001 (Barlow 2003), and several were recorded 

from 1991ï1995 (Barlow 1997).  One Cuvierôs beaked whale sighting during surveys in 2014 

(Barlow 2016).  Acoustic monitoring in Washington offshore waters detected Cuvierôs beaked whale calls 

between January and November 2011 (ȃiroviĺ et al. 2012b in USN 2015).  Cuvier's beaked whales were 

detected acoustically in waters off Oregon and Washington in August 2016 during the SWFSC PASCAL 

study using drifting acoustic recorders (Keating et al. 2018).  Records of Cuvierôs beaked whale in B.C. are 

scarce, although 20 strandings, one incidental catch, and five sightings have been reported, including off 

western Vancouver Island (Ford 2014).  Most strandings have been reported in summer (Ford 2014).  

Cuvierôs beaked whales could be encountered during the proposed survey. 

3.3.2.4 Bairdôs Beaked Whale (Berardius bairdii) 

Bairdôs beaked whale has a fairly extensive range across the North Pacific north of 30ęN, and 

strandings have occurred as far north as the Pribilof Islands (Rice 1986).  Two forms of Bairdôs beaked 

whales have been recognized ï the common slate-gray form and a smaller, rare black form (Morin et 

al. 2017).  The gray form is seen off Japan, in the Aleutians, and on the west coast of North America, 

whereas the black from has been reported for northern Japan and the Aleutians (Morin et al. 2017).  Recent 

genetic studies suggest that the black form could be a separate species (Morin et al. 2017).  Bairdôs beaked 

whale is currently divided into three distinct stocks: Sea of Japan, Okhotsk Sea, and Bering Sea/eastern 

North Pacific (Balcomb 1989; Reyes 1991).  Bairdôs beaked whales sometimes are seen close to shore, but 

their primary habitat is over or near the continental slope and oceanic seamounts in waters 1000ï3000 m 

deep (Jefferson et al. 2015).   

Along the U.S. west coast, Bairdôs beaked whales have been sighted primarily along the continental 

slope (Green et al. 1992; Becker et al. 2012; Carretta et al. 2019) from late spring to early fall (Green et 

al. 1992).  The whales move out from those areas in winter (Reyes 1991).  In the eastern North Pacific 

Ocean, Bairdôs beaked whales apparently spend the winter and spring far offshore, and in June, they move 

onto the continental slope, where peak numbers occur during September and October.  Green et al. (1992) 

noted that Bairdôs beaked whales on the U.S. west coast were most abundant in the summer, and were not 

sighted in the fall or winter.  MacLeod et al. (2006) reported numerous sightings and strandings of 

Berardius spp. off the U.S. west coast.   

Green et al. (1992) sighted five groups during 75,050 km of aerial survey effort in 1989ï1990 off 

Washington/Oregon spanning coastal to offshore waters: two in slope waters and three in offshore waters.  

Two groups were sighted during summer/fall 2008 surveys off Washington/Oregon, in waters >2000 m 

deep (Barlow 2010).  Acoustic monitoring offshore Washington detected Bairdôs beaked whale pulses 

during January through November 2011, with peaks in February and July (ȃiroviĺ et al. 2012b in 

USN 2015).  Bairdôs beaked whales were detected acoustically in the waters off Oregon and Washington 

in August 2016 during the SWFSC PASCAL study using drifting acoustic recorders (Keating et al. 2018).   

There are whalerôs reports of Bairdôs beaked whales off the west coast of Vancouver Island 

throughout the whaling season (MayïSeptember), especially in July and August (Reeves and 
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Mitchell 1993).  From 1908ï1967, there was a recorded catch of 41 Bairdôs beaked whales, which were not 

favored because of their small size and low commercial value (Gregr et al. 2000).  Twenty-four sightings 

have been made in B.C. since the whaling era, including off the west coast of Vancouver Island (Ford 2014).  

Three strandings have also been reported, including one on northeastern Haida Gwaii and two on the west 

coast of Vancouver Island.  Bairdôs beaked whales could be encountered in the proposed survey area. 

3.3.2.5 Blainvilleôs Beaked Whale (Mesoplodon densirostris) 

Blainvilleôs beaked whale is found in tropical and warm temperate waters of all oceans 

(Pitman 2018).  It has the widest distribution throughout the world of all Mesoplodon species 

(Pitman 2018).  Like other beaked whales, Blainvilleôs beaked whale is generally found in waters 

200ï1400 m deep (Gannier 2000; Jefferson et al. 2015).  Occasional occurrences in cooler, higher-latitude 

waters are presumably related to warm-water incursions (Reeves et al. 2002).  MacLeod et al. (2006) 

reported stranding and sighting records in the eastern Pacific ranging from 37.3°N to 41.5°S.  However, 

none of the 36 beaked whale stranding records in Oregon and Washington during 1930ï2002 included 

Blainvilleôs beaked whale (Norman et al. 2004).  One Blainvilleôs beaked whale was found stranded (dead) 

on the Washington coast in November 2016 (COASST 2016).   

There was one acoustic encounter with Blainvilleôs beaked whales recorded in Quinault Canyon off 

Washington in waters 1400 m deep during 2011 (Baumann-Pickering et al. 2014).  Blainvilleôs beaked 

whales were not detected acoustically off Washington or Oregon during the August 2016 SWFSC PASCAL 

study using drifting acoustic recorders (Keating et al. 2018).  No sightings have been made off B.C. 

(Ford 2014).  Although Blainvilleôs beaked whales could be encountered during the proposed survey, an 

encounter would be unlikely because the proposed survey area is beyond the northern limits of this tropical 

speciesô usual distribution. 

3.3.2.6 Hubbsô Beaked Whale (Mesoplodon carlhubbsi) 

Hubbsô beaked whale occurs in temperate waters of the North Pacific (Mead 1989).  Its distribution 

appears to be correlated with the deep subarctic current (Mead et al. 1982).  Numerous stranding records 

have been reported for the west coast of the U.S. (MacLeod et al. 2006).  Most are from California, but at 

least seven strandings have been recorded along the B.C. coast as far north as Prince Rupert (Mead 1989; 

Houston 1990a; Willis and Baird 1998; Ford 2014).  Two strandings are known from Washington/Oregon 

(Norman et al. 2004).  In addition, at least two sightings off Oregon/Washington, but outside the U.S. EEZ, 

were reported by Carretta et al. (2019).  During the 2016 SWFSC PASCAL study using drifting acoustic 

recorders, detections were made of beaked whale sounds presumed to be from Hubbsô beaked whales off 

Washington and Oregon during August (Griffiths et al. submitted manuscript cited in Keating et al. 2018).  

There have been no confirmed sightings of Hubbsô beaked whales in B.C.  This species seems to be less 

common in the proposed survey area than some of the other beaked whales, but it could be encountered 

during the survey. 

3.3.2.7 Stejnegerôs Beaked Whale (Mesoplodon stejnegeri) 

Stejnegerôs beaked whale occurs in subarctic and cool temperate waters of the North Pacific 

(Mead 1989).  Most records are from Alaskan waters, and the Aleutian Islands appear to be its center of 

distribution (Mead 1989; Wade et al. 2003).  After Cuvierôs beaked whale, Stejnegerôs beaked whale was 

the second most commonly stranded beaked whale species in Oregon and Washington (Norman et al. 2004).  

Stejnegerôs beaked whale calls were detected during acoustic monitoring offshore Washington between 

January and June 2011, with an absence of calls from mid-JulyïNovember 2011 (ȃiroviĺ et al. 2012b in 

USN 2015).  Analysis of these data suggest that this species could be more than twice as prevalent in this 
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area than Bairdôs beaked whale (Baumann-Pickering et al. 2014).  Stejneger's beaked whales were also 

detected acoustically in waters off Oregon and Washington in August 2016 during the SWFSC PASCAL 

study using drifting acoustic recorders (Keating et al. 2018).   

At least five stranding records exist for B.C. (Houston 1990b; Willis and Baird 1998; Ford 2014), 

including two strandings on the west coast of Haida Gwaii and two strandings on the west coast of 

Vancouver Island (Ford 2014).  A possible sighting was made on the east coast of Vancouver Island 

(Ford 2014).  Stejnegerôs beaked whales could be encountered during the proposed survey.  

3.3.2.8 Common Bottlenose Dolphin (Tursiops truncatus) 

The bottlenose dolphin is distributed worldwide in coastal and shelf waters of tropical and temperate 

oceans (Jefferson et al. 2015).  There are two distinct bottlenose dolphin types: a shallow water type, mainly 

found in coastal waters, and a deep water type, mainly found in oceanic waters (Duffield et al. 1983; 

Hoelzel et al. 1998; Walker et al. 1999).  Coastal common bottlenose dolphins exhibit a range of movement 

patterns including seasonal migration, year-round residency, and a combination of long-range movements 

and repeated local residency (Wells and Scott 2009).   

Bottlenose dolphins occur frequently off the coast of California, and sightings have been made as far 

north as 41ºN, but few records exist for Oregon and Washington (Carretta et al. 2019).  Three sightings and 

one stranding of bottlenose dolphins have been documented in Puget Sound since 2004 (Cascadia Research 

2011 in USN 2015).  It is possible that offshore bottlenose dolphins may range as far north as the proposed 

survey area during warm-water periods (Carretta et al. 2019).  Adams et al. (2014) made one sighting off 

Washington during September 2012.  There are no confirmed records of bottlenose dolphins for B.C., 

although an unconfirmed record exists for offshore waters (Baird et al. 1993).  It is possible, although 

unlikely, that bottlenose dolphins could be encountered in the proposed survey area. 

3.3.2.9 Striped Dolphin (Stenella coeruleoalba) 

The striped dolphin has a cosmopolitan distribution in tropical to warm temperate waters from ~50°N 

to 40°S (Perrin et al. 1994; Jefferson et al. 2015).  It occurs primarily in pelagic waters, but has been 

observed approaching shore where there is deep water close to the coast (Jefferson et al. 2015).  The striped 

dolphin is typically found in waters outside the continental shelf and is often associated with convergence 

zones and areas of upwelling; however, it has also been observed approaching shore where there is deep 

water close to the coast (Jefferson et al. 2015).  

Striped dolphins regularly occur off California (Becker et al. 2012), including as far offshore as 

~300 n.mi. during the NOAA Fisheries vessel surveys (Carretta et al. 2019).  However, few sightings have 

been made off Oregon, and no sightings have been reported for Washington (Carretta et al. 2019).  

However, strandings have occurred along the coasts of Oregon and Washington (Carretta et al. 2016).  

During surveys off the U.S. west coast in 2014, striped dolphins were seen as far north as 44ºN; based on 

those sightings, Barlow (2016) calculated an abundance estimate of 13,171 striped dolphins for 

Oregon/Washington.  The abundance estimates for 2001, 2005, and 2008 were zero (Barlow 2016).   

Striped dolphins are rare in the waters of B.C. and are considered extralimital there (Ford 2014).  

There are a total of 14 confirmed records of stranded individuals or remains for Vancouver Island 

(Ford 2014).  A single confirmed sighting was made in September 2019 in the Strait of Juan de Fuca (Pacific 

Whale Watch Association 2019).  One bycatch record exists in waters far offshore from Vancouver Island 

(Ford 2014).  It is possible, although unlikely, that striped dolphins could be encountered in the proposed 

survey area. 
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3.3.2.10 Short-beaked Common Dolphin (Delphinus delphis)  

The short-beaked common dolphin is found in tropical and warm temperate oceans around the world 

(Jefferson et al. 2015), ranging from ~60ºN to ~50ºS (Jefferson et al. 2015).  It is the most abundant dolphin 

species in offshore areas of warm-temperate regions in the Atlantic and Pacific (Perrin 2018).  It can be 

found in oceanic and coastal habitats; it is common in coastal waters 200ï300 m deep and is also associated 

with prominent underwater topography, such as seamounts (Evans 1994).  Short-beaked common dolphins 

have been sighted as far as 550 km from shore (Barlow et al. 1997).   

The distribution of short-beaked common dolphins along the U.S. west coast is variable and likely 

related to oceanographic changes (Heyning and Perrin 1994; Forney and Barlow 1998).  It is the most 

abundant cetacean off California; some sightings have been made off Oregon, in offshore waters 

(Carretta et al. 2019).  During surveys off the west coast in 2014 and 2017, sightings were made as far north 

as 44̄N (Barlow 2016; SIO n.d.).  Based on the absolute dynamic topography of the region, short-beaked 

common dolphins could occur in relatively high densities off Oregon during JulyïDecember 

(Pardo et al. 2015).  In contrast, habitat modeling predicted moderate densities of common dolphins off the 

Columbia River estuary during summer, with lower densities off southern Oregon (Becker et al. 2014).  

There are three stranding records for B.C., including one for northwestern Vancouver Island, one for the 

Strait of Juan de Fuca, and one for Hecate Strait (Ford 2014).  Common dolphins could be encountered in 

the proposed survey area.  

3.3.2.11 Pacific White-sided Dolphin (Lagenorhynchus obliquidens) 

The Pacific white-sided dolphin is found in cool temperate waters of the North Pacific from the 

southern Gulf of California to Alaska.  Across the North Pacific, it appears to have a relatively narrow 

distribution between 38°N and 47°N (Brownell et al. 1999).  In the eastern North Pacific Ocean, the Pacific 

white-sided dolphin is one of the most common cetacean species, occurring primarily in shelf and slope 

waters (Green et al. 1993; Barlow 2003, 2010).  It is known to occur close to shore in certain regions, 

including (seasonally) southern California (Brownell et al. 1999).   

Results of aerial and shipboard surveys strongly suggest seasonal northïsouth movements of the 

species between California and Oregon/Washington; the movements apparently are related to 

oceanographic influences, particularly water temperature (Green et al. 1993; Forney and Barlow 1998; 

Buchanan et al. 2001).  During winter, this species is most abundant in California slope and offshore areas; 

as northern waters begin to warm in the spring, it appears to move north to slope and offshore waters off 

Oregon/Washington (Green et al. 1992, 1993; Forney 1994; Forney et al. 1995; Buchanan et al. 2001; 

Barlow 2003).  The highest encounter rates off Oregon and Washington have been reported during 

MarchïMay in slope and offshore waters (Green et al. 1992).  Similarly, Becker et al. (2014) predicted 

relatively high densities off southern Oregon in shelf and slope waters.   

Based on year-round aerial surveys off Oregon/Washington, the Pacific white-sided dolphin was the 

most abundant cetacean species, with nearly all (97%) sightings occurring in May (Green et al. 1992, 1993).  

Barlow (2003) also found that the Pacific white-sided dolphin was one of the most abundant marine 

mammal species off Oregon/Washington during 1996 and 2001 ship surveys, and it was the second most 

abundant species reported during 2008 surveys (Barlow 2010).  Adams et al. (2014) reported numerous 

offshore sightings off Oregon during summer, fall, and winter surveys in 2011 and 2012.  Based on surveys 

conducted during 2014, the abundance was estimated at 20,711 for Oregon/Washington (Barlow 2016).   

Fifteen Pacific white-sided dolphin sightings (231 animals) were made off Washington/Oregon 

during the JuneïJuly 2012 L-DEO Juan de Fuca plate seismic survey (RPS 2012b).  There were fifteen 
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Pacific white-sided dolphin sightings (462 animals) made during the July 2012 L-DEO seismic surveys off 

southern Washington (RPS 2012a).  This species was not sighted during the July 2012 L-DEO seismic 

survey off Oregon (RPS 2012c).  One group of 10 Pacific white-sided dolphins was sighted during the 2009 

ETOMO survey west of the proposed survey area (Holst 2017).   

Pacific white-sided dolphins are common throughout the waters of B.C., including Dixon Entrance, 

Hecate Strait, Queen Charlotte Sound, the west coast of Haida Gwaii, as well as western Vancouver Island, 

and the mainland coast (Ford 2014).  Stacey and Baird (1991a) compiled 156 published and unpublished 

records to 1988 of the Pacific white-sided dolphin within the Canadian 320-km extended EEZ.  These 

dolphins move inshore and offshore seasonally (Stacey and Baird 1991a).  There were inshore records for 

all months except July, and offshore records from all months except December.  Offshore sightings were 

much more common than inshore sightings, especially in JuneïOctober; the mean water depth was 

~1100 m.  Ford et al. (2011b) reported that most sightings occur in water depths <500 m and within 20 km 

from shore.  Williams and Thomas (2007) estimated an abundance of 25,900 Pacific white-sided dolphins 

in inshore coastal B.C. waters based on surveys conducted in 2004 and 2005.  Best et al. (2015) provided 

an estimate of 22,160 individuals based on surveys during 2004ï2008.  Pacific white-sided dolphins are 

likely to be common in the proposed survey area. 

3.3.2.12 Northern Right Whale Dolphin (Lissodelphis borealis) 

The northern right whale dolphin is found in cool temperate and sub-arctic waters of the North 

Pacific, from the Gulf of Alaska to near northern Baja California, ranging from 30°N to 50°N 

(Reeves et al. 2002).  In the eastern North Pacific Ocean, the northern right whale dolphin is one of the 

most common marine mammal species, occurring primarily in shelf and slope waters ~100 to >2000 m 

deep (Green et al. 1993; Barlow 2003).  The northern right whale dolphin comes closer to shore where there 

is deep water, such as over submarine canyons (Reeves et al. 2002).   

Aerial and shipboard surveys suggest seasonal inshore-offshore and north-south movements in the 

eastern North Pacific Ocean between California and Oregon/Washington; the movements are believed to 

be related to oceanographic influences, particularly water temperature and presumably prey distribution 

and availability (Green et al. 1993; Forney and Barlow 1998; Buchanan et al. 2001).  Green et al. (1992, 

1993) found that northern right whale dolphins were most abundant off Oregon/Washington during fall, 

less abundant during spring and summer, and absent during winter, when this species presumably moves 

south to warmer California waters (Green et al. 1992, 1993; Forney 1994; Forney et al. 1995; 

Buchanan et al. 2001; Barlow 2003).   

Becker et al. (2014) predicted relatively high densities off southern Oregon, and moderate densities 

off northern Oregon and Washington.  Based on year-round aerial surveys off Oregon/Washington, the 

northern right whale dolphin was the third most abundant cetacean species, concentrated in slope waters 

but also occurring in water out to ~550 km offshore (Green et al. 1992, 1993).  Barlow (2003, 2010) also 

found that the northern right whale dolphin was one of the most abundant marine mammal species off 

Oregon/Washington during 1996, 2001, 2005, and 2008 ship surveys.  Offshore sightings were made in the 

waters of Oregon during summer, fall, and winter surveys in 2011 and 2012 (Adams et al. 2014).   

There are 47 records for B.C., mostly in deep water off the west coast of Vancouver Island; however, 

sightings have also been made in deep water off Haida Gwaii (Ford 2014).  Most sightings have occurred 

in water depths >900 m (Baird and Stacey  1991a).  One group of six northern right whale dolphins was 

seen west of Vancouver Island in water deeper than 2500 m during a survey from Oregon to Alaska (Hauser 

and Holst 2009).  Northern right whale dolphins are likely to be encountered in the proposed survey area. 
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3.3.2.13 Rissoôs Dolphin (Grampus griseus) 

Rissoôs dolphin is distributed worldwide in mid-temperate and tropical oceans (Kruse et al. 1999).  

although it shows a preference for mid-temperate waters of the shelf and slope between 30 ̄and 45̄ 

(Jefferson et al. 2014).  Although it occurs from coastal to deep water (~200ï1000 m depth), it shows a 

strong preference for mid-temperate waters of upper continental slopes and steep shelf-edge areas 

(Hartman 2018).   

Off the U.S. west coast, Rissoôs dolphin is believed to make seasonal north-south movements related 

to water temperature, spending colder winter months off California and moving north to waters off 

Oregon/Washington during the spring and summer as northern waters begin to warm (Green et al. 1992, 

1993; Buchanan et al. 2001; Barlow 2003; Becker 2007).  The distribution and abundance of Rissoôs 

dolphins are highly variable from California to Washington, presumably in response to changing 

oceanographic conditions on both annual and seasonal time scales (Forney and Barlow 1998; Buchanan 

et al. 2001).  The highest densities were predicted along the coasts of Washington, Oregon, and central and 

southern California (Becker et al. 2012).  Off Oregon and Washington, Rissoôs dolphins are most abundant 

over continental slope and shelf waters during spring and summer, less so during fall, and rare during winter 

(Green et al. 1992, 1993).  Green et al. (1992, 1993) reported most Rissoôs dolphin groups off Oregon 

between ~45 and 47ºN.  Several sightings were made off southern Oregon during surveys in 1991ï2014 

(Carretta et al. 2019).  Sightings during ship surveys in summer/fall 2008 were mostly between ~30 and 

38ºN; none were reported in Oregon/Washington (Barlow 2010).  Based on 2014 survey data, the 

abundance for Oregon/Washington was estimated at 430 (Barlow 2016). 

Rissoôs dolphin was once considered rare in B.C., but there have been numerous sightings since the 

1970s (Ford 2014).  In B.C., most sightings have been made in Gwaii Haanas National Park Reserve, Haida 

Gwaii, but there have also been sightings in Dixon Entrance, off the west coast of Haida Gwaii, Queen 

Charlotte Sound, as well as to the west of Vancouver Island (Ford 2014).  Strandings have mainly been 

reported for the Strait of Georgia (Ford 2014).  Rissoôs dolphins could be encountered in the proposed 

survey area. 

3.3.2.14 False Killer Whale (Pseudorca crassidens) 

The false killer whale is found worldwide in tropical and temperate waters, generally between 50ºN 

and 50ºS (Odell and McClune 1999).  It is widely distributed, but not abundant anywhere 

(Carwardine 1995).  The false killer whale generally inhabits deep, offshore waters, but sometimes is found 

over the continental shelf and occasionally moves into very shallow (Jefferson et al. 2015; Baird 2018b).  

It is gregarious and forms strong social bonds, as is evident from its propensity to strand en masse 

(Baird 2018b). In the eastern North Pacific, it has been reported only rarely north of Baja California 

(Leatherwood et al. 1982, 1987; Mangels and Gerrodette 1994); however, the waters off the U.S. west coast 

all the way north to Alaska are considered part of its secondary range (Jefferson et al. 2015).   

Its occurrence in Washington/Oregon is associated with warm-water incursions (Buchanan et al. 

2001).  However, no sightings of false killer whales were made along the U.S. west coast during surveys 

conducted from 1986ï2001 (Ferguson and Barlow 2001, 2003; Barlow 2003) or in 2005 and 2008 (Forney 

2007; Barlow 2010).  One pod of false killer whales occurred in Puget Sound for several months during the 

1990s (USN 2015).  Two false killer whales were reported stranded along the Washington coast during 

1930ï2002, both in El Niño years (Norman et al. 2004).   

Stacey and Baird (1991b) suggested that false killer whales are at the limit of their distribution in 

Canada and have always been rare.  Sightings have been made along the northern and central mainland 
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B.C. coast, as well as in Queen Charlotte Strait, Strait of Georgia, and along the west coast of Vancouver 

Island; there are no records for deeper water in the proposed survey area (Ford 2014).  This species is 

unlikely to be encountered during the proposed survey. 

3.3.2.15 Killer Whale ( Orcinus orca) 

The killer whale is cosmopolitan and globally fairly abundant; it has been observed in all oceans of 

the world (Ford 2018).  It is very common in temperate waters and also frequents tropical waters, at least 

seasonally (Heyning and Dahlheim 1988).  Killer whales are segregated socially, genetically, and 

ecologically into three distinct ecotypes: residents, transients, and offshore animals.  Killer whales occur in 

inshore inlets, along the coast, over the continental shelf, and in offshore waters (Ford 2014).   

There are eight killer whale stocks recognized in the Pacific U.S.: (1) Alaska Residents, occurring 

from Southeast Alaska to the Aleutians and Bering Sea; (2) Northern Residents, from B.C. through parts of 

Southeast Alaska; (3) Southern Residents, mainly in inland waters of Washington State and southern B.C.; 

(4) Gulf of Alaska, Aleutians, and Bering Sea Transients, from Prince William Sound through to the 

Aleutians and Bering Sea; (5) AT1 Transients, from Prince William Sound through the Kenai Fjords; 

(6) West Coast Transients, from California through Southeast Alaska; (7) Offshore, from California through 

Alaska; and (8) Hawaiian (Muto et al. 2019; Carretta et al. 2019).  Individuals from the Southern Resident, 

Northern Resident, West Coast Transient, and Offshore stocks could be encountered in the proposed project 

area.  

Resident killer whales mainly feed on salmon, in particular Chinook, and their movements coincide 

with those of their prey (Ford 2014).  Southern resident killer whales primarily occur in the southern Strait 

of Georgia, Strait of Juan de Fuca, Puget Sound, and the southern half of the west coast of Vancouver Island 

(Ford et al. 1994; Baird 2001; Carretta et al. 2019).  These areas have been designated as critical habitat 

either by the U.S. or Canada.  In the fall, this population is known to occur in Puget Sound, and during the 

winter, they occur along the outer coast and do not spend a lot of time in critical habitat areas (Ford 2014).   

In B.C., the northern residents inhabit the central and northern Strait of Georgia, Johnstone Strait, 

Queen Charlotte Strait, the west coast of Vancouver Island, and the entire central and north coast of 

mainland B.C. (Muto et al. 2019).  Many sightings have been made in Dixon Entrance (which is designated 

as critical habitat) and eastern Hecate Strait, which is also considered important habitat (Ford 2014).  

Critical habitat for this population in B.C. also includes the waters off southwestern Vancouver Island, 

where both northern and southern resident killer whales often forage in the summer (Ford 2014).   

The main diet of transient killer whales consists of marine mammals, in particular porpoises and 

seals.  West coast transient whales (also known as Biggôs killer whales) range from Southeast Alaska to 

California (Muto et al. 2019).  The seasonal movements of transients are largely unpredictable, although 

there is a tendency to investigate harbor seal haulouts off Vancouver Island more frequently during the 

pupping season in August and September (Baird 1994; Ford 2014).  Transients have been sighted 

throughout B.C. waters, including the waters around Vancouver Island (Ford 2014).  Green et al. (1992) 

noted that most groups seen during their surveys off Oregon and Washington were likely transients; during 

those surveys, killer whales were sighted only in shelf waters.  Two of 17 killer whales that stranded in 

Oregon were confirmed as transient (Stevens et al. 1989 in Norman et al. 2004).   

Little is known about offshore killer whales, but they occur primarily over shelf waters and feed on 

fish, especially sharks (Ford 2014).  Dahlheim et al. (2008) reported sightings off Washington and Oregon 

in the summer, and sightings in the Strait of Juan de Fuca during spring.  Relatively few sightings have 

been reported in the waters of B.C.; there have been 103 records since 1988 (Ford 2014).  The number of 
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sightings are likely influenced by the fact that these whales prefer deeper waters near the slope, where little 

sighting effort has taken place (Ford 2014).  Most sightings are from Haida Gwaii and 15 km or more off 

the west coast of Vancouver Island near the continental slope (Ford et al. 1994).  Offshore killer whales are 

mainly seen off B.C. during summer and off California during winter, but they can occur in B.C. waters 

year-round (Ford 2014).  Based on surveys conducted during 2004ï2008, Best et al. (2015) estimated that 

371 killer whales (all ecotypes) occur in coastal waters of B.C.   

Eleven sightings of ~536 individuals were reported off Oregon/Washington during the 2008 SWFSC 

vessel survey (Barlow 2010).  Killer whales were sighted offshore Washington during surveys from 

August 2004 to September 2008 (Oleson et al. 2009).  Keating et al. (2015) analyzed cetacean whistles 

from recordings made during 2000ï2012; several killer whale acoustic detections were made offshore 

Washington.  Killer whales were sighted off Washington in July and September 2012 (Adams et al. 2014).   

Killer whales could be encountered during the proposed surveys, including northern and southern 

resident killer whales in their critical habitat in Canada.  However, most sightings within the critical habitat 

off southwestern Vancouver Island have occurred closer to shore than the proposed seismic transects.  

3.3.2.16 Short-finned Pilot Whale (Globicephala macrorhynchus) 

The short-finned pilot whale is found in tropical and warm temperate waters (Olson 2018); it is seen 

as far south as ~40ºS and as far north as ~50ºN (Jefferson et al. 2015).  Pilot whales are generally nomadic, 

but may be resident in certain locations, including California and Hawaii (Olson 2018).  Short-finned pilot 

whales were common off southern California (Dohl et al. 1980) until an El Niño event occurred in 

1982ï1983 (Carretta et al. 2019).  Few sightings were made off California/Oregon/ Washington in 

1984ï1992 (Green et al. 1992; Carretta and Forney 1993; Barlow 1997), but sightings remain rare 

(Barlow 1997; Buchanan et al. 2001; Barlow 2010).  No short-finned pilot whales were seen during surveys 

off Oregon and Washington in 1989ï1990, 1992, 1996, and 2001 (Barlow 2003).  Carretta et al. (2019) 

reported one sighting off Oregon during 1991ï2014.  Several stranding events in Oregon/southern 

Washington have been recorded over the past few decades, including in March 1996, June 1998, and 

August 2002 (Norman et al. 2004).   

Short-finned pilot whales are considered rare in B.C. waters (Baird and Stacey 1993; Ford 2014).  

There are 10 confirmed records, including three bycatch records in offshore waters, six sightings in offshore 

waters, and one stranding; the stranding occurred in the Strait of Juan de Fuca (Ford 2014).  There are also 

unconfirmed records for nearshore waters of western Vancouver Island (Baird and Stacey 1993; Ford 2014).  

Pilot whales are expected to be rare in the proposed survey area.   

3.3.2.17 Harbor Porpoise (Phocoena phocoena) 

The harbor porpoise inhabits temperate, subarctic, and arctic waters.  It is typically found in shallow 

water (<100 m) nearshore but is occasionally sighted in deeper offshore water (Jefferson et al. 2015); 

abundance declines linearly as depth increases (Barlow 1988).  In the eastern North Pacific, its range 

extends from Point Barrow, Alaska, to Point Conception, California.  Their seasonal movements appear to 

be inshore-offshore, rather than north-south, as a response to the abundance and distribution of food 

resources (Dohl et al. 1983; Barlow 1988).  Genetic testing has also shown that harbor porpoises along the 

west coast of North America are not migratory and occupy restricted home ranges (Rosel et al. 1995).   

Based on genetic data and density discontinuities, six stocks have been identified in California/ 

Oregon/Washington: (1) Washington Inland Waters, (2) Northern Oregon/Washington Coast, (3) Northern 

California/Southern Oregon, (4) San Francisco-Russian River, (5) Monterey Bay, and (6) Morro Bay 

(Carretta et al. 2019).  Harbor porpoises from the Northern Oregon/Washington and the Northern 
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California/Southern Oregon stocks could occur in the proposed project area (Carretta et al. 2019). 

Harbor porpoises inhabit coastal Oregon and Washington waters year-round, although there appear 

to be distinct seasonal changes in abundance there (Barlow 1988; Green et al. 1992).  Green et al. (1992) 

reported that encounter rates were similarly high during fall and winter, intermediate during spring, and 

low during summer.  Encounter rates were highest along the Oregon/Washington coast in the area from 

Cape Blanco (~43°N) to California, from fall through spring.  During summer, the reported encounter rates 

decreased notably from inner shelf to offshore waters.  Green et al. (1992) reported that 96% of harbor 

porpoise sightings off Oregon/Washington occurred in coastal waters <100 m deep, with a few sightings 

on the slope near the 200-m isobath.  Similarly, predictive density distribution maps show the highest in 

nearshore waters along the coasts of Oregon/Washington, with very low densities beyond the 500-m isobath 

(Menza et al. 2016).   

Based on surveys conducted during 2004 and 2005, Williams and Thomas (2007) estimated that 

9120 harbor porpoises are present in inshore coastal waters of B.C.  Best et al. (2015) provided an estimate 

of 8091 based on surveys during 2004ï2008.  Harbor porpoises are found along the coast year-round, 

primarily in coastal shallow waters, harbors, bays, and river mouths of B.C. (Osborne et al. 1988), but can 

also be found in deep water over the continental shelf and over offshore banks that are no deeper than 150 m 

(Ford 2014; COSEWIC 2016a).  Many sightings exist for nearshore waters of Vancouver Island 

(Ford 2014), including within the proposed survey area.  Occasional sightings have also been made in 

shallow water of Swiftsure and La Pérouse banks off southwestern Vancouver Island (Ford 2014).  Harbor 

porpoises could be encountered in shallower water in the eastern portions of the proposed project area. 

3.3.2.18 Dallôs Porpoise (Phocoenoides dalli) 

Dallôs porpoise is found in temperate to subarctic waters of the North Pacific and adjacent seas 

(Jefferson et al. 2015).  It is widely distributed across the North Pacific over the continental shelf and slope 

waters, and over deep (>2500 m) oceanic waters (Hall 1979).  It is probably the most abundant small 

cetacean in the North Pacific Ocean, and its abundance changes seasonally, likely in relation to water 

temperature (Becker 2007).   

Off Oregon and Washington, Dallôs porpoise is widely distributed over shelf and slope waters, with 

concentrations near shelf edges, but is also commonly sighted in pelagic offshore waters (Morejohn 1979; 

Green et al. 1992; Becker et al. 2014; Fleming et al. 2018; Carretta et al. 2019).  Combined results of various 

surveys out to ~550 km offshore indicate that the distribution and abundance of Dallôs porpoise varies 

between seasons and years.  North-south movements are believed to occur between Oregon/Washington 

and California in response to changing oceanographic conditions, particularly temperature and distribution 

and abundance of prey (Green et al. 1992, 1993; Mangels and Gerrodette 1994; Barlow 1995; Forney and 

Barlow 1998; Buchanan et al. 2001).  Becker et al. (2014) predicted high densities off southern Oregon 

throughout the year, with moderate densities to the north.  According to predictive density distribution 

maps, the highest densities off southern Washington and Oregon occur along the 500-m isobath (Menza 

et al. 2016).   

Encounter rates reported by Green et al. (1992) during aerial surveys off Oregon/Washington were 

highest in fall, lowest during winter, and intermediate during spring and summer.  Encounter rates during 

the summer were similarly high in slope and shelf waters, and somewhat lower in offshore waters 

(Green et al. 1992).  Dallôs porpoise was the most abundant species sighted off Oregon/Washington during 

1996, 2001, 2005, and 2008 ship surveys up to ~550 km from shore (Barlow 2003, 2010).  

Oleson et al. (2009) reported 44 sightings of 206 individuals off Washington during surveys form 
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August 2004 to September 2008.  Dallôs porpoise were seen in the waters off Oregon during summer, fall, 

and winter surveys in 2011 and 2012 (Adams et al. 2014).   

Nineteen Dallôs porpoise sightings (144 animals) were made off Washington/Oregon during the 

JuneïJuly 2012 L-DEO Juan de Fuca plate seismic survey (RPS 2012b).  There were 16 Dallôs porpoise 

sightings (54 animals) made during the July 2012 L-DEO seismic surveys off southern Washington 

(RPS 2012a).  This species was not sighted during the July 2012 L-DEO seismic survey off Oregon 

(RPS 2012c).   

Dallôs porpoise is found all along the B.C. coast and is common inshore and offshore throughout the 

year (Jefferson 1990; Ford 2014).  It is most common over the continental shelf and slope, but also occurs 

>2400 km from the coast (Pike and MacAskie 1969 in Jefferson 1990), and sightings have been made 

throughout the proposed survey area (Ford 2014).  There appears to be a distributional shift inshore during 

the summer and offshore in winter (Ford 2014).  Based on surveys conducted in 2004 and 2005, Williams 

and Thomas (2007) estimated that there are 4910 Dallôs porpoises in inshore coastal waters of B.C.  Best et 

al. (2015) provided an estimate of 5303 individuals based on surveys during 2004ï2008.  During a survey 

from Oregon to Alaska, Dallôs porpoises were sighted west of Vancouver Island and Haida Gwaii in early 

October during the southbound transit, but none were sighted in mid-September during the northward 

transit; all sightings were made in water deeper than 2000 m (Hauser and Holst 2009).  Dall's porpoise was 

the most frequently sighted marine mammal species (5 sightings or 28 animals) during the 2009 ETOMO 

survey west of the proposed survey area (Holst 2017).  Dallôs porpoise is likely to be encountered during 

the proposed seismic survey. 

3.3.3 Pinnipeds 

3.3.3.1 Guadalupe Fur Seal (Arctocephalus townsendi) 

Most breeding and births occur at Isla Guadalupe, Mexico; a secondary rookery exists at Isla Benito 

del Este (Maravilla-Chavez and Lowry 1999; Aurioles-Gamboa et al. 2010).  A few Guadalupe fur seals 

are known to occur at California sea lion rookeries in the Channel Islands, primarily San Nicolas and San 

Miguel islands, and sightings have also been made at Santa Barbara and San Clemente islands 

(Stewart et al. 1987; Carretta et al. 2019).  Guadalupe fur seals prefer rocky habitat for breeding and hauling 

out.  They generally haul out at the base of towering cliffs on shores characterized by solid rock and large 

lava blocks (Peterson et al. 1968), although they can also inhabit caves and recesses (Belcher and Lee 2002).  

While at sea, this species usually is solitary but typically gathers in the hundreds to thousands at breeding 

sites.   

During the summer breeding season, most adults occur at rookeries in Mexico (Carretta et al. 2019; 

Norris 2017 in USN 2019a,b).  Following the breeding season, adult males tend to move northward to 

forage.  Females have been observed feeding south of Guadalupe Island, making an average round trip of 

2375 km (Ronald and Gots 2003).  Several rehabilitated Guadalupe fur seals that were satellite tagged and 

released in central California traveled as far north as B.C. (Norris et al. 2015; Norris 2017 in USN 2019a,b).  

Fur seals younger than two years old are more likely to travel to more northerly, offshore areas than older 

fur seals (Norris 2017 in USN 2019a,b).  Stranding data also indicates that fur seals younger than 2 years 

are more likely to occur in the proposed survey area, as this age class was most frequently reported 

(Lambourn et al. 2012 in USN 2019a,b).  In 2015ï2016, 175 Guadalupe fur seals stranded on the coast of 

California; NMFS declared this an unusual mortality event (Carretta et al. 2019).  Guadalupe fur seals could 

be encountered during the proposed seismic survey, but most animals are likely to occur at their breeding 

sites further south at the time of the survey. 
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3.3.3.2 Northern Fur Seal (Callorhinus ursinus) 

The northern fur seal is endemic to the North Pacific Ocean and occurs from southern California to 

the Bering Sea, Okhotsk Sea, and Honshu Island, Japan (Muto et al. 2019).  During the breeding season, 

most of the worldwide population of northern fur seals inhabits the Pribilof Islands in the southern Bering 

Sea (NMFS 2007; Lee et al. 2014; Muto et al. 2019).  The rest of the population occurs at rookeries on 

Bogoslof Island in the Bering Sea, in Russia (Commander Islands, Robben Island, Kuril Islands), on San 

Miguel Island in southern California (NMFS 1993; Lee et al. 2014), and on the Farallon Islands off central 

California (Muto et al. 2019).  In the U.S., two stocks are recognizedðthe Eastern Pacific and the California 

stocks (Muto et al. 2019).  The Eastern Pacific stock ranges from the Pribilof Islands and Bogoslof Island 

in the Bering Sea during summer to California during winter (Muto et al. 2019).   

When not on rookery islands, northern fur seals are primarily pelagic but occasionally haul out on 

rocky shorelines (Muto et al. 2019).  During the breeding season, adult males usually come ashore in 

MayïAugust and may sometimes be present until November; adult females are found ashore from 

JuneïNovember (Carretta et al. 2019; Muto et al. 2019).  After reproduction, northern fur seals spend the 

next 7ï8 months feeding at sea (Roppel 1984).  Immature seals can remain in southern foraging areas year-

round until they are old enough to mate (NMFS 2007).  In November, females and pups leave the Pribilof 

Islands and migrate through the Gulf of Alaska to feeding areas primarily off the coasts of B.C., 

Washington, Oregon, and California before migrating north again to the rookeries in spring (Ream et al. 

2005; Pelland et al. 2014).  Males usually migrate only as far south as the Gulf of Alaska (Kajimura 1984).  

Ream et al. (2005) showed that migrating females moved over the continental shelf as they migrated 

southeasterly.  Instead of following depth contours, their travel corresponded with movements of the Alaska 

Gyre and the North Pacific Current (Ream et al. 2005).  Their foraging areas were associated with eddies, 

the subarctic-subtropical transition region, and coastal mixing (Ream et al. 2005; Alford et al. 2005).  Some 

juveniles and non-pregnant females may remain in the Gulf of Alaska throughout the summer (Calkins 

1986).  The northern fur seals spends ~90% of its time at sea, typically in areas of upwelling along the 

continental slopes and over seamounts (Gentry 1981).  The remainder of its life is spent on or near rookery 

islands or haulouts.  Pups from the California stock also migrate to Washington, Oregon, and northern 

California after weaning (Lea et al. 2009).   

Northern fur seals were seen throughout the North Pacific during surveys conducted during 

1987ï1990, including off Vancouver Island and in the western Gulf of Alaska (Buckland et al. 1993).  

Tagged adult fur seals were tracked from the Pribilof Islands to the waters off Washington/Oregon/ 

California, with recorded movement throughout the proposed project area (Pelland et al. 2014).  Tracked 

adult male fur seals that were tagged on St. Paul Island in the Bering Sea in October 2009, wintered in the 

Bering Sea or northern North Pacific Ocean; females migrated to the Gulf of Alaska and the California 

Current, including off the west coasts of Haida Gwaii and Vancouver Island (Sterling et al. 2014).  Some 

individuals reach California by December, after which time numbers increase off the west coast of North 

America (Ford 2014).  The peak density shift over the course of the winter and spring, with peak densities 

occurring in California in February, April off Oregon and Washington, and May off B.C. and Southeast 

Alaska (Ford 2014).  The use of continental shelf and slope waters of B.C. and the northwestern U.S. by 

adult females during winter is well documented from pelagic sealing data (Bigg 1990). 

Bonnell et al. (1992) noted the presence of northern fur seals year-round off Oregon/Washington, 

with the greatest numbers (87%) occurring in JanuaryïMay.  Northern fur seals were seen as far out from 

the coast as 185 km, and numbers increased with distance from land; they were 5ï6 times more abundant 

in offshore waters than over the shelf or slope (Bonnell et al. 1992).  The highest densities were seen in the 
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Columbia River plume (~46°N) and in deep offshore waters (>2000 m) off central and southern Oregon 

(Bonnell et al. 1992).  The waters off Washington are a known foraging area for adult females, and 

concentrations of fur seals were also reported to occur near Cape Blanco, Oregon, at ~42.8N̄ 

(Pelland et al. 2014).   

Off B.C., females and subadult males are typically found during the winter off the continental shelf 

(Bigg 1990).  They start arriving from Alaska during December and most will leave the B.C. waters by July 

(Ford 2014).  Tagged adult female fur seals were shown to concentrate their habitat utilization within 

200 km of the shelf break along the west coast of North America; several traveled through the proposed 

survey area off western Vancouver Island (Pelland et al. 2014).  Ford (2014) also reported the occurrence 

of northern fur seals throughout B.C. waters, including Dixon Entrance, Hecate Strait, Queen Charlotte 

Sound, and off the west coasts of Haida Gwaii and Vancouver Island, with concentrations over the shelf 

and slope, especially on La Pérouse Bank, southwestern Vancouver Island.  A few animals are seen in 

inshore waters in B.C., and individuals occasionally come ashore, usually at sea lion haulouts (e.g., Race 

Rocks, off southern Vancouver Island) during winter and spring (Baird and Hanson 1997).  Approximately 

125,000 fur seals occur in B.C. over the winter and spring (Ford 2014).  Although fur seals sometimes haul 

out in B.C., there are no breeding rookeries. 

Northern fur seals could be observed in the proposed survey area, in particular females and juveniles.  

However, adult males are generally ashore during the reproductive season from MayïAugust, and adult 

females are generally ashore from June through November. 

3.3.3.3 Northern Elephant Seal (Mirounga angustirostris) 

The northern elephant seal breeds in California and Baja California, primarily on offshore islands, 

from Cedros off the west coast of Baja California, north to the Farallons in Central California 

(Stewart et al. 1994).  Adult elephant seals engage in two long northward migrations per year, one following 

the breeding season, and another following the annual molt (Stewart and DeLong 1995).  Between the two 

foraging periods, they return to land to molt, with females returning earlier than males (MarchïApril vs. 

JulyïAugust).  After the molt, adults then return to their northern feeding areas until the next winter 

breeding season.  Breeding occurs from DecemberïMarch (Stewart and Huber 1993).  Females arrive in 

late December or January and give birth within ~1 week of their arrival.  Juvenile elephant seals typically 

leave the rookeries in April or May and head north, traveling an average of 900ï1000 km.  Hindell (2009) 

noted that traveling likely takes place at depths >200 m.  Most elephant seals return to their natal rookeries 

when they start breeding (Huber et al. 1991).   

When not at their breeding rookeries, adults feed at sea far from the rookeries.  Adult females and 

juveniles forage in the California current off California to B.C. (Le Boeuf et al. 1986, 1993, 2000).  

Bonnell et al. (1992) reported that northern elephant seals were distributed equally in shelf, slope, and 

offshore waters during surveys conducted off Oregon and Washington, as far as 150 km from shore, in 

waters >2000 m deep.  Telemetry data indicate that they range much farther offshore than that (Stewart and 

DeLong 1995).  Males may feed as far north as the eastern Aleutian Islands and the Gulf of Alaska, whereas 

females feed south of 45ºN (Le Boeuf et al. 1993; Stewart and Huber 1993).  Adult male elephant seals 

migrate north via the California current to the Gulf of Alaska during foraging trips, and could potentially 

be passing through the area off Washington in May and August (migrating to and from molting periods) 

and November and February (migrating to and from breeding periods), but likely their presence there is 

transient and short-lived.  Most elephant seal sightings at sea off Washington were made during June, July, 

and September; off Oregon, sightings were recorded from November through May (Bonnell et al. 1992).  

Northern elephant seal pups have been sighted at haulouts in the inland waters of Washington State 
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(Jeffries et al. 2000), and at least three re reported to have been born there (Hayward 2003).  Pupping has 

also been observed at Shell Island (~43.3°N) off southern Oregon, suggesting a range expansion 

(Bonnell et al. 1992; Hodder et al. 1998).   

Race Rocks Ecological Reserve, located off southern Vancouver Island, is one of the few spots in 

B.C. where elephant seals regularly haul out.  Based on their size and general appearance, most animals 

using Race Rocks are adult females or subadults, although a few adult males also haul out there.  Use of 

Race Rocks by northern elephant seals has increased substantially in recent years, most likely as a result of 

the speciesô dramatic recovery from near extinction in the early 20th century and its tendency to be highly 

migratory.  A peak number (22) of adults and subadults were observed in spring 2003 (Demarchi and 

Bentley 2004); pups have also been born there primarily during December and January (Ford 2014).  Haul 

outs can also be found on the western and northeastern coasts of Haida Gwaii, and along the coasts of 

Vancouver Island (Ford 2014).  Juveniles are sometimes seen molting on beaches along the coast of B.C. 

from DecemberïMay, but sometimes also in summer and autumn (Ford 2014).  One northern elephant seal 

was sighted during the 2009 ETOMO survey west of the proposed survey area (Holst 2017).  This species 

could be encountered during the proposed seismic survey. 

3.3.3.4 Harbor Seal (Phoca vitulina richardsi) 

Two subspecies of harbor seal occur in the Pacific: P.v. stejnegeri in the northwest Pacific Ocean 

and P.v. richardsi in the eastern Pacific Ocean.  P.v. richardsi occurs in nearshore, coastal, and estuarine 

areas ranging from Baja California, Mexico, north to the Pribilof Islands in Alaska (Carretta et al. 2019).  

Five stocks of harbor seals are recognized along the U.S. west coast: (1) Southern Puget Sound, (2) 

Washington Northern Inland Waters Stock, (3) Hood Canal, (4) Oregon/Washington Coast, and (5) 

California (Carretta et al. 2019).  The Oregon/Washington stock occurs in the proposed survey area.   

Harbor seals inhabit estuarine and coastal waters, hauling out on rocks, reefs, beaches, and glacial 

ice flows.  They are generally non-migratory, but move locally with the tides, weather, season, food 

availability, and reproduction (Scheffer and Slipp 1944; Fisher 1952; Bigg 1969, 1981).  Female harbor 

seals give birth to a single pup while hauled out on shore or on glacial ice flows; pups are born from May 

to mid-July.  When molting, which occurs primarily in late August, seals spend the majority of the time 

hauled out on shore, glacial ice, or other substrates.  Juvenile harbor seals can travel significant distances 

(525 km) to forage or disperse (Lowry et al. 2001).  The smaller home range used by adults is suggestive 

of a strong site fidelity (Pitcher and Calkins 1979; Pitcher and McAllister 1981; Lowry et al. 2001).     

Harbor seals haul out on rocks, reefs, and beaches along the U.S. west coast (Carretta et al. 2019).  

Jeffries et al. (2000) documented several harbor seal rookeries and haulouts along the Washington coastline; 

it is the only pinniped species that breeds in Washington.  Pupping in Oregon and Washington occurs from 

AprilïJuly (Brown 1988).  Bonnell et al. (1992) noted that most harbor seals sighted off Oregon and 

Washington were ¢20 km from shore, with the farthest sighting 92 km from the coast.  Menza et al. (2016) 

also showed the highest predicted densities nearshore.  During surveys off the Oregon and Washington 

coasts, 88% of at-sea harbor seals occurred over shelf waters <200 m deep, with a few sightings near the 

2000-m contour, and only one sighting over deeper water (Bonnell et al. 1992).  Most (68%) at-sea sightings 

were recorded in September and November (Bonnell et al. 1992).  Harbor seals were only seen in nearshore 

areas during surveys on the shelf and slope in 2011 and 2012 (Adams et al. 2014).  Twelve sightings 

occurred in nearshore waters from R/V Northern Light during a survey off southern Washington during 

July 2012 (RPS 2012a).  Harbor seals were also taken as bycatch east of southern Oregon in the west coast 

groundfish fishery during 2002ï2009 (Jannot et al. 2011).   
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Williams and Thomas (2007) noted an abundance estimate of 19,400 harbor seals for the inshore 

coastal waters of B.C. based on surveys in 2004 and 2005.  Best et al. (2015) provided an abundance 

estimate of 24,916 seals based on coastal surveys during 2004ï2008.  The total population in B.C. was 

estimated at ~105,000 in 2008 (Ford 2014).  Harbor seals occur along all coastal areas of B.C., including 

the western coast of Vancouver Island,  with the highest concentration in the Strait of Georgia (13.1 seals 

per kilometre of coast); average densities elsewhere are 2.6 seals per kilometre (Ford 2014).  Almost 1400 

haul outs have been reported for B.C., many of them in the Strait of Georgia (Ford 2014).  Given their 

preference for coastal waters, harbor seals could be encountered in the easternmost parts of the proposed 

project area. 

3.3.3.5 Steller Sea Lion (Eumetopias jubatus) 

The Steller sea lion occurs along the North Pacific Rim from northern Japan to California 

(Loughlin et al. 1984).  It is distributed around the coasts to the outer shelf from northern Japan through the 

Kuril Islands and Okhotsk Sea, through the Aleutian Islands, central Bering Sea, southern Alaska, and south 

to California (NOAA 2019f).  There are two stocks, or DPSs, of Steller sea lions ï the Western and Eastern 

DPSs, which are divided at 144̄W longitude (Muto et al. 2019).  The Western DPS is listed as endangered 

and includes animals that occur in Japan and Russia (Muto et al. 2019); the Eastern DPS was delisted from 

threatened in 2013 (NMFS 2013a).  Only individuals from the Eastern DPS could occur in the proposed 

survey area.   

Steller sea lions typically inhabit waters from the coast to the outer continental shelf and slope 

throughout their range; they are not considered migratory, although foraging animals can travel long 

distances (Loughlin et al. 2003; Raum-Suryan et al. 2002).  Rookeries of Steller sea lions from the Eastern 

DPS are located in southeast Alaska, B.C., Oregon, and California; there are no rookeries in Washington 

(NMFS 2013a; Muto et al. 2019).  Breeding adults occupy rookeries from late-May to early-July 

(NMFS 2008a).   

Non-breeding adults use haulouts or occupy sites at the periphery of rookeries during the breeding 

season (NMFS 2008a).  Pupping occurs from mid-May to mid-July (Pitcher and Calkins 1981) and peaks 

in June (Pitcher et al. 2002).  Territorial males fast and remain on land during the breeding season 

(NMFS 2008a).  Females with pups generally stay within 30 km of the rookeries in shallow (30ï120 m) 

water when feeding (NMFS 2008a).  Tagged juvenile sea lions showed localized movements near shore 

(Briggs et al. 2005).  Loughlin et al. (2003) reported that most (88%) at-sea movements of juvenile Steller 

sea lions in the Aleutian Islands were short (<15 km) foraging trips.  The mean distance of juvenile sea lion 

trips at sea was 16.6 km, and the maximum trip distance recorded was 447 km.  Long-range trips represented 

6% of all trips at sea, and trip distance and duration increase with age (Loughlin et al. 2003; 

Call et al. 2007).  Although Steller sea lions are not considered migratory, foraging animals can travel long 

distances outside of the breeding season (Loughlin et al. 2003; Raum-Suryan et al. 2002).  During the 

summer, they mostly forage within 60 km from the coast; during winter, they can range up to 200 km from 

shore (Ford 2014). 

During surveys off the coasts of Oregon and Washington, Bonnell et al. (1992) noted that 89% of 

sea lions occurred over the shelf at a mean distance of 21 km from the coast and near or in waters <200 m 

deep; the farthest sighting occurred ~40 km from shore, and the deepest sighting location was 1611 m deep.  

Sightings were made along the 200-m depth contour throughout the year (Bonnell et al. 1992).  During 

aerial surveys over the shelf and slope off Oregon and Washington, one Steller sea lion was seen on the 

Oregon shelf during January 2011, and two sightings totaling eight individuals were made on September 

2012 off southern Oregon (Adams et al. 2014).  During a survey off Washington/Oregon JuneïJuly 2012, 
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two Steller sea lions were seen from R/V Langseth (RPS 2012b) off southern Oregon.  Eight sightings of 

11 individuals were made from R//V Northern Light during a survey off southern Washington during July 

2012 (RPS 2012a).  Steller sea lions were also taken as bycatch off southern Oregon in the west coast 

groundfish fishery during 2002ï2009 (Jannot et al. 2011).   

In B.C., there are six main rookeries, which are situated at the Scott Islands off northwestern 

Vancouver Island, the Kerouard Islands near Cape St. James at the southern end of Haida Gwaii, North 

Danger Rocks in eastern Hecate Strait, Virgin Rocks in eastern Queen Charlotte Sound, Garcin Rocks off 

southeastern Moresby Island in Haida Gwaii, and Gosling Rocks on the central mainland coast (Ford 2014).  

The Scott Islands and Cape St. James rookeries are the two largest breeding sites with 4000 and 850 pups 

born in 2010, respectively (Ford 2014).  Some adults and juveniles are also found on sites known as 

year-round haulouts during the breeding season.  Haul outs are located along the coasts of Haida Gwaii, the 

central and northern mainland coast, the west coast of Vancouver Island, and the Strait of Georgia; some 

are year-round sites whereas others are only winter haul outs (Ford 2014).  Pitcher et al. (2007) reported 24 

major haulout sites (>50 sea lions) in B.C., but there are currently around 30 (Ford 2014).  The total pup 

and non-pup count of Steller sea lions in B.C. in 2002 was 15,438; this represents a minimum population 

estimate (Pitcher et al. 2007).  The highest pup counts in B.C. occur in July (Bigg 1988).  Steller sea lions 

could be encountered in the proposed project areas, especially in the waters closer to shore. 

3.3.3.6 California Sea Lion (Zalophus californianus) 

The primary range of the California sea lion includes the coastal areas and offshore islands of the 

eastern North Pacific Ocean from B.C. to central Mexico, including the Gulf of California 

(Jefferson et al. 2015).  However, its distribution is expanding (Jefferson et al. 2015), and its secondary 

range extends into the Gulf of Alaska (Maniscalco et al. 2004) and southern Mexico (Gallo-Reynoso and 

Solórzano-Velasco 1991), where it is occasionally recorded.  

California sea lion rookeries are on islands located in southern California, western Baja California, 

and the Gulf of California (Carretta et al. 2019).  Five genetically distinct geographic populations have been 

identified: (1) Pacific Temperate (includes rookeries in U.S. waters and the Coronados Islands to the south), 

(2) Pacific Subtropical, (3) Southern Gulf of California, (4) Central Gulf of California, and (5) Northern 

Gulf of California (Schramm et al. 2009).  Animals from the Pacific Temperate population occur in the 

proposed project area.   

In California and Baja California, births occur on land from mid-May to late-June.  During August 

and September, after the mating season, the adult males migrate northward to feeding areas as far north as 

Washington (Puget Sound) and B.C. (Lowry et al. 1992).  They remain there until spring (MarchïMay), 

when they migrate back to the breeding colonies (Lowry et al. 1992; Weise et al. 2006).  The distribution 

of immature California sea lions is less well known but some make northward migrations that are shorter 

in length than the migrations of adult males (Huber 1991).  However, most immature seals are presumed to 

remain near the rookeries for most of the year, as are females and pups (Lowry et al. 1992).   

California sea lions are coastal animals that often haul out on shore throughout the year, but peak 

numbers off Oregon and Washington occur during the fall (Bonnell et al. 1992).  During aerial surveys off 

the coasts of Oregon and Washington during 1989ï1990, California sea lions were sighted at sea during 

the fall and winter, but no sightings were made during JuneïAugust (Bonnell et al. 1992).  Numbers off 

Oregon decrease during winter, as animals travel further north (Mate 1975 in Bonnell et al. 1992).  

King (1983) noted that sea lions are rarely found more than 16 km offshore.  During fall and winter surveys 

off Oregon and Washington, mean distance from shore was ~13 km and most were observed in water 
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<200 m deep; however, sightings were made in water as deep as 356 m (Bonnell et al. 1992).  

Weise et al. (2006) reported that males normally forage almost exclusively over the continental shelf, but 

during anomalous climatic conditions they can forage farther out to sea (up to 450 km offshore).   

During aerial surveys over the shelf and slope off Oregon and Washington (Adams et al. 2014), 

California sea lions were seen during all survey months (JanuaryïFebruary, JuneïJuly, 

SeptemberïOctober).  Although most sightings occurred on the shelf, during February 2012, one sighting 

was made near the 2000-m depth contour, and during June 2011 and July 2012, sightings were made along 

the 200-m isobath off southern Oregon (Adams et al. 2014).  During October 2011, sightings were made 

off the Columbia River estuary near the 200-m isopleth and on the southern Oregon shelf; during 

September 2012, sightings occurred in nearshore waters off Washington and in shelf waters along the coast 

of Oregon (Adams et al. 2014).  Adams et al. (2014) reported sightings more than 60 km off the coast of 

Oregon.  California sea lions were also taken as bycatch off Washington and Oregon in the west coast 

groundfish fishery during 2002ï2009 (Jannot et al. 2011).   

California sea lions used to be rare in B.C., but their numbers have increased substantially during the 

1970s and 1980s (Ford 2014).  Wintering California sea lion numbers have increased off southern 

Vancouver Island since the 1970s, likely as a result of the increasing California breeding population 

(Olesiuk and Bigg 1984).  Several thousand occur in the waters of B.C. from fall to spring (Ford 2014).  

Adult and subadult male California sea lions are mainly seen in B.C. during the winter (Olesiuk and 

Bigg 1984).  They are mostly seen off the west coast of Vancouver Island and in the Strait of Georgia, but 

they are also known to haul out along the coasts of Haida Gwaii, including Dixon Entrance, and the 

mainland (Ford 2014).  California sea lions could be encountered in the proposed project area. 

3.3.4 Fissiped 

3.3.4.1 Northern Sea Otter (Enhydra lutris kenyoni) 

The northern sea otter can be found along the coast of North America from Alaska to Washington.  

Sea otters generally occur in shallow (<35 m), nearshore waters in areas with sandy or rocky bottoms, where 

they feed on a wide variety of sessile and slow-moving benthic invertebrates (Rotterman and Simon-

Jackson 1988).  Sea otters are generally not migratory and do not disperse over long distances; however, 

individual sea otters are capable of travelling in excess of 100 km (Garshelis and Garshelis 1984), although 

movements are likely limited by geographic barriers, high energy requirements of animals, and social 

behavior.  Before commercial exploitation, the worldwide population of sea otters was estimated to be 

between 150,000 (Kenyon 1969) and 300,000 (Johnson 1982).  Commercial exploitation reduced the total 

sea otter population to as low as 2000 in 13 locations (Kenyon 1969).  In 1911, sea otters received protection 

under the North Pacific Fur Seal Convention, and populations recovered quickly (Kenyon 1969).  The world 

sea otter population is currently estimated at ~150,000 (Davis et al. 2019). 

Sea otters were translocated from Alaska to shallow coastal waters off the Olympic Peninsula of 

Washington; the population has increased from 59 reintroduced individuals in 1969ï1970 to ~2058 in 2017 

(Sato et al. 2018).  The current population is 2058 (Jeffries et al. 2017).  The population ranges from Pillar 

Point in the Strait of Juan de Fuca to Cape Flattery, and south to Point Grenville (USFWS 2018).  Although 

sea otters were also reintroduced to Oregon in the 1970s, the reintroduction was not successful 

(McAllister 2018).  Nonetheless, sometimes sea otters are reported as far south as Newport, Oregon 

(USFWS 2018).  Sea otters occur in coastal areas of Washington typically in shallow (<30 m depth) water 

less than 4 km from shore (Laidre et al. 2009).   




